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EXPERIMENTAL HEAT-TRANSFER DISTRIBUTIONS ON A 

BLUNT LIFTING BODY AT MACH 3.71 

By Robert L. Stallings, Jr., Robert L. Wright, and Ida K. Collins 
Langley Research Center 

SUMMARY 

Experimental heat-transfer distributions have been obtained on a composite lifting 

The tests were con- 
configuration which consisted of a spherical  nose segment, a delta-slab upper surfack 
with blunt leading edges, wedge sides, and a conical lower surface. 
ducted both with and without roughness on the model at Mach number 3.71, angles of 
attack up to 40°, and nominal unit Reynolds numbers of 3 X 106/ft (9.8 X lo6/,) and 
5 X 106/ft (16.3 x lo6/,). 

Heating distributions in the vertical  plane of symmetry through the range of tes t  
variables were generally approximated by existing laminar o r  turbulent theories applied 
as if each component of the composite body was an isolated body. 
on the sides of the body through the range of tes t  variables generally f a l l  between flat 
plate and cone theories for  either laminar o r  turbulent flow. 

Heating distributions 

Transitional and turbulent flow occurred over most of the upper slab surface at 
positive angles of attack. 
were approximately the same either with o r  without roughness on the model. 

Heating distributions obtained in this region for this condition 

INTRODUCTION 

The geometry of lifting bodies generally includes various components s imilar  in 
shape to simple cones, wedges, cylinders, spherical segments, and so forth. 
imate method for  predicting the aerodynamic heating on these components consists of 
treating each component as an isolated body and using existing theories that are known 
to be applicable for  that particular component. In order  to determine the validity of this 
method for  predicting the heating on lifting bodies made up of these components and also 
to determine the extent of the influence of the component par t s  on the heating distribu- 
tions, experimental heat-transfer distributions were obtained on a composite body. The 
body geometry incorporated a blunted half-cone lower surface, wedge sides, and a blunt- 
s lab upper surface. 

An approx- 



The investigation was conducted in the Langley Unitary Plan wind tunnel at  a Mach 
number of 3.71 and unit Reynolds numbers of 3 X 106/ft (9.8 X lo6/,) and 5 X 106/ft 
(16.3 X lo6/,). Tests  were  conducted both with and without roughness on the model. 
angle-of-attack range from -30' to 40° and an angle-of-sideslip range from -loo to loo 
were covered during the testing. The experimental heating data  are compared with both 
laminar  and turbulent theories. P r e s s u r e  distributions on a s imilar  body also tested in 
the Langley Unitary Plan wind tunnel have been reported in reference 1. 

An 

SYMBOLS 

b 

C 

cP 

h 

M 

*Re 

NSt 

Pt 

R 

S 

T 

Te 

Tt  

TW 

local skin thickness 

specific heat of model skin 

specific heat of air at constant p re s su re  

heat-transfer coefficient 

f ree-s t ream Mach number 

unit Reynolds number pe r  foot (meter) based on free-s t ream conditions 

Stanton number based on free-s t ream conditions 

free-s t ream stagnation pressure  

base radius of cone 

distance along midline surface from thermocouple 1 (PO 
negative on bottom surface) (see fig. 2) 

temperature 

measured wall temperature a t  steady-state conditions 

stagnation temperature 

wal l  temperature 

itive o top surfa 
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t 

l/ft 

3 x 106 
3 x 106 

5 X lo6 
3 x 106 
5 X lo6  

V 

l /m 

9.8 x 106 
9.8 X 106 

16.3 X lo6 
9.8 X lo6 

16.3 X lo6 

a! 

P 

P 

t ime 

free-stream velocity 

rectangular Cartesian coordinates (see fig. 2) 

angle of attack 

angle of sideslip 

density of model skin 

roll angle 

Subscripts: 

I model length 

0,1,2,. . . n time sequence 

APPARATUS AND TEST CONDITIONS 

The investigation was conducted in the high Mach number test section of the Langley 
Unitary Plan wind tunnel described in reference 2. This variable-pressure,  continuous- 
flow tunnel has an asymmetrical sliding-block nozzle that permits  a continuous variation 
in the test-section Mach number from 2.30 to 4.65. The maximum deviation in Mach 
number over the 1.219- by 1.219-meter test  section through the range of these tes ts  was 
-+0.06. Heat-transfer measurements were obtained for  the following tes t  conditions. 

Transition 
s t r ip  

No 
No 
No 
Yes 
Yes 

P ,  deg 

0 
*5, *10 
0 
0 
0 

a, deg 
( *) 

0, -+2, *5, *lo,  -15, 20, *30, 40 
0, *5, 10, -15, 20, rt30, 40 
0, 10, 20 

0, 20 
0, 5, 10, 15, 20, 30, 40 

- .  

*The negative values of a! were obtained by rolling the model 180'. 
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MODEL AND INSTRUMENTATION 

The model used in the investigation was a composite lifting configuration which 
consisted of a spherical  nose segment, a delta-slab upper surface with blunt leading 
edges, wedge sides,  and conical lower surface. 
the model to show the relationship of the component parts. 
of nominal 0.030-inch-thick (0.76 mm) Inconel-X sheet rolled and formed about a wooden 
mandrel and seam welded. 
with base width of 6.60 inches (168 mm) and a base height of 5.69 inches (145 mm). 
Complete dimensions of the model are shown in figure 2. 

Figure 1 presents  an exploded view of 
The model was constructed 

The overall length of the model was 11.35 inches (283 mm) 

Micarta bulkheads were stationed internally to support the sting, to provide strength 
and rigidity to the thin-walled model and to l imit  deflections in the model skin due to 
aerodynamic loads. Micarta was used as a bulkhead stiffener to reduce conduction losses  
from the model skin. 

In an attempt to obtain turbulent heating rates ,  a limited number of tests were con- 
ducted with a transition s t r ip  on the model. 
gri t  in  a band approximately 1/4 inch (6.35 mm) wide and was located on the model as 
illustrated in figure 2(b). 

The s t r ip  consisted of No. 35 carborundum 

The model was instrumented with eighty-one 30-gage iron-constantan thermocouples 
on one-half of the model and on the base (relative to the vertical  plane of symmetry). 
The location of the instrumentation is shown in figure 2(b) and a complete l is t  of instru- 
mentation coordinates is given in table I. 

The thermocouple outputs were amplified, digitized, and magnetically recorded by 
a high-speed analog-digital recording system. 
40 samples a second, the outputs for  this tes t  were recorded only every 1/2 second. 

Although this system can obtain up to 

The tunnel f ree-s t ream static and stagnation p res su res  were measured on precision 
mercury manometers. 
probes attached to the vertical  wall of the tes t  section external to the side-wall boundary 
layer  and located at the same longitudinal location as the model. 

The test-section stagnation temperature was measured with 

METHOD OF HEAT-TRANSFER DATA REDUCTION 

The heat-transfer coefficients were obtained from transient skin-temperature 
measurements resulting from a stepwise increase in stagnation temperature. 
nique is described in detail in reference 3. 

This tech- 

The heat-balance equation reduces to the following equation when i t  is assumed 
there is negligible la teral  heat flow, constant temperature through the model skin, 
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negligible heat flow to the model interior,  and no heat losses  due to radiation: 

This equation can be integrated and written in the following form for  complete 
machine calculation: 

pbc(Tw,n - Tw,o) 
h =  

T'/;.t d t  - I T w  dt  
Tt 

The heat-transfer coefficients were converted to Stanton numbers from the fol- 
lowing equation: 

Equation (2) was used for determining the heat-transfer coefficients of this investigation. 
The integrals were evaluated at t ime increments of 0.5 second according to the t rape-  
zoidal rule which yields 

1 
2 

n 
TO + - Tn + T1 + T2 . . . + Tn-1) (4) 

and the ratio of Te/Tt was experimentally determined. 

ACCURACY 

The accuracy of the temperature measurements, including recorder  resolution, 
thermocouple-wire calibration, and cold-junction temperature, is +l.Oo K; however, this 
e r r o r  occurs in temperature level ra ther  than in random temperature fluctuations. 
as mentioned in reference 4,  in regions of low heat transfer such as the model base, the 
ratio 
equilibrium from the preceding tes t  point. 

Also, 

Te/Tt may be questionable because the wall temperature may not have reached 

The effect of the la teral  heat flow on the values of h was approximated at  several  
locations, and with the exception of the spherical segment nose, this effect was found to 
be well within the data  accuracy. For the spherical segment nose, however, these esti-  
mations indicated e r r o r s  as large as 25 percent. 
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An estimation of the repeatability of heat-transfer measurements in the Langley 
Unitary Plan wind tunnel has  been determined by the repeatability of data  in the tes ts  
discussed in reference 4. It is believed these repeatabilities would also apply to this 
investigation with the exception of the spherical segment nose. 
measurements as discussed in reference 4 is dependent on the magnitude of the heat- 

The repeatability of the 

t ransfer  coefficient. For h > 0.015 Btu (306 J/m2-sec-OK), the repeatability 

is within 10 percent; for  0.001 < h < 0.015 
ft2 -sec-OR 

Btu 
ft2-sec-OR 

(20 < h< 306 J/m2-sec-'K), within 

15 percent; and for  h < 0.001 Btu 
ft2 - s ec  - OR 

(20 J/m2-sec-'K), within 20 percent. Although 

h < 0.001 Btu (20 J/m2-sec-OK) is within the accuracy of data  reduction, no sig- 
ft2-sec-'R 

nificance is attached to the magnitude of h, other than to indicate regions of low heat 
transfer.  The accuracy of the precision manometers is within 0.5 lb/ft2 (23.94 N/m2). 

RESULTS AND DISCUSSION 

Heating in Vertical Plane of Symmetry 

Experiment. - Complete tabulations of the experimental resu l t s  are presented in 
- -  

tables I1 to V. Throughout the "Results and Discussion," the terminology describing the 
various components of the model is the same as that shown in figure 1. 
heating distributions in the vertical plane of symmetry are presented in figure 3 through 
the tes t  range of angle of attack. The negative angles of attack were obtained by rolling 
the model 180' as mentioned previously. With the exception of a! = -30°, the heating 
rates  on the half-cone surface (s/R < 0.98) increase with increasing angle of attack as 
would be expected. 
mented stations. This increase in heating is believed to be a result  of boundary-layer 
transition promoted by the increase in vorticity associated with this surface becoming 
leeward to the free-s t ream flow fo r  a!< -15'. (As shown in fig. 2(a), the half-cone angle 
is 15O.) 

Measured surface 

At a!= -30°, a large increase in heating occurs  at  the las t  two instru- 

For  angles of attack from -10' to 40°, the heating ra tes  on the conical nose are 
relatively insensitive to angle of attack as shown in figure 3. From laminar tangent 
swept cylinder theory (to be discussed subsequently), the laminar stagnation-line heating 
of the conical nose should decrease by approximately 25 percent and this  decrease is 
roughly the variation shown. For  an angle of attack of -30°, the conical-nose stagnation- 
line heating rates  at the la rger  values of s/R a r e  significantly less than those obtained 
at  the other angles of attack. 
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Heating distributions obtained on the flat top surface, s/R > 0.2, as shown in fig- 
u re  3 are believed to be strongly influenced by boundary-layer transition promoted by the 
large amount of vorticity present even at CY= 0'. 
(as  indicated by the increase in heating) at is apparently located downstream of 
the thermocouple location s/R = 0.68. With increasing angle of attack, transition moves 
upstream; at CY = 20°, a turbulent boundary layer  exists over most of the flat top surface 
in the vicinity of i t s  center line. On the other hand, for  C Y =  -30' (flat top surface wind- 
ward), a laminar boundary layer  exists over most of the flat top surface. These deduc- 
tions pertaining to the location of boundary-layer transition will be further substantiated 
subsequently when these data  are compared with measurements obtained with a transition 
s t r ip  installed on the model and with theoretical distributions. 

(See ref. 1.) The location of transition 
a! = 0' 

The effects of angle of sideslip on the center-line heating distributions are shown 
in figure 4 for  angles of attack of -30°, Oo, 20°, and 40'. The resul ts  are presented for  
f l  = Oo, and *loo; throughout the test range of variables, the heating rates for  these two 
sideslip angles a r e  essentially the same as would be expected. This comparison gives 
a good indication of data  repeatability. In general, changing the sideslip angle from 0' 
to *loo results in only slight variations in the magnitude of the heating rates  along the 
vertical  plane of symmetry for  those regions not influenced by boundary-layer transition. 

Heating distributions in the vertical  plane of symmetry both with and without rough- 
ness  on the model are shown in figure 5. 
described previously are shown in figure 2(b). Through the range of angle of attack from 
0' to 40°, the experimental data  fo r  the model with roughness is believed to be represen- 
tative of a fully developed turbulent boundary layer  over the half-cone and flat top sur -  
faces. 
heating rates  with and without roughness as well as comparisons between experiment and 
theory to be discussed subsequently. 
flat top surface with and without roughness for a! = 20° and CY = 40° indicates that 
within this region, the boundary layer was fully turbulent even without roughness. A 
slight increase in heating occurred on the conical nose with roughness on the model; how- 
ever, whether this increase is associated with boundary-layer transition is not known. 

The locations of the roughness elements as 

This deduction is based on a comparison of the magnitude and distribution of the 

A comparison of the heating ra tes  obtained on the 

Heating distributions obtained in the vertical  plane of symmetry at Reynolds number 

The data  are presented in the form of the laminar cor re-  
p e r  meter  of approximately 9.8 X lo6  and 16 X lo6  are presented in figure 6 both with and 
without roughness on the model. 
lation parameter  NSt/- f o r  the clean model (fig. 6) and in the form of the turbulent 
correlation parameter  NSt(NRe,l) 1/5 for  the model with roughness (fig. 6(b)). 
heating distributions on the flat top surface both with and without roughness indicate a 
slight forward movement of the location of transition with the indicated increase in 
Reynolds number. 

The 
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Theoretical .___ approximations. - __- - Since the lifting entry configuration for  this investiga- 
tion was formed from a combination of such basic shapes as cones, cylinders, wedges, 
and so forth, it was decided to explore fully the applicability of approximate theories to 
the composite body that are known to apply to the individual basic components. 
approximate theories used are both laminar and turbulent cone and flat-plate theories, 
tangent swept-cylinder theory, and cross-flow theory. 

The 

Theoretical distributions fo r  the half-cone surface are shown in figure 7 for  the 
test range of angle of attack. Results for  positive angles of attack (half-cone windward) 
are presented in figure 7(a) f o r  both laminar and turbulent flow f o r  comparison with the 
experimental data  with and without roughness, respectively. The theoretical distribu- 
tions consist of flat-plate and cone theories (ref. 5)  and swept-cylinder theory (ref. 6). 
The distributions shown fo r  the flat-plate and cone theories are based on measured sur-  
face pressures  from reference 1, a local total p ressure  corresponding to f ree-s t ream 
pitot pressure,  and the virtual origin of the boundary layer  located a t  thermocouple 8 
($ = -0.89). The tangent-swept-cylinder theories assume that the local heating along 
the half-cone stagnation line for  a > 0' is approximated by the heating on a tangent 
swept cylinder having a diameter equal to the local cone diameter. 

As shown in figure 7(a), the laminar and turbulent cone theories for  a =  0' are 
in good agreement with the measured heating distributions on the half cone fo r  the clean 
model and model with roughness, respectively. 
cone theory for  a > 0' underpredicts the magnitude of the measured heating rates,  the 
extent of this disagreement increasing with increasing angle of attack. The tangent swept 
cylinder approximations, however, are generally in good agreement with the experimental 
resul ts  f o r  
negative angles of attack (half-cone leeward) (fig. 7(b)), the laminar flat-plate theory best 
approximates the measured laminar heating rates.  

Although not shown in figure "(a), the 

10 S a 5 40' with either a laminar o r  turbulent boundary layer. For  the 

Theoretical and experimental heating distributions for  the top flat surface a r e  
shown in figure 8. 
plate theories are shown for  both laminar and turbulent flow for  comparison with the 
experimental results obtained on the clean model and model with roughness, respectively. 
The theoretical distributions were determined from the flat-plate theory of reference 5 
and by assuming that the virtual origin of the boundary layer  occurred at s/R = 0. 
theoretical laminar distribution was only determined for  a = 0' since, as discussed 
previously, the boundary layer in this region was turbulent f o r  positive angles of attack. 
Even at  a = Oo, a large portion of the top flat surface is affected by transitional flow; 
thus, poor agreement with the laminar theoretical distributions results. 
theoretical distributions are in good agreement with the experimental resul ts  fo r  the 

For  positive angles of attack (top flat surface leeward) (fig.8(a)) flat- 

A 

The turbulent 
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model with roughness a t  a! = 20' and a! = 40'. At a! = Oo, however, the turbulent theo- 
retical distributions are approximately 25 percent greater  than the experimental results. 

Theoretical and experimental heating distributions for  the top flat surface at nega- 
tive angles of attack (flat surface windward) are shown in figure 8(b). 
distributions consist of laminar flat-plate theory, the cross-flow theory of reference 7, 
and a modified laminar tangent cylinder approximation. 
mined in the same manner as discussed in the preceding paragraph. 
inar tangent cylinder approximation consists of applying swept cylinder theory to each 
location along the center line based on a diameter equal to the local span. 
line velocity gradient was assumed to correspond to that a t  the stagnation point of a body 
of revolution having a c ross  section s imi la r  to the c ross  section of the flat top perpendic- 
u la r  to the center line and including the cylindrical-segment leading edges. 
velocity gradients were determined from the experimental results of reference 8. In a 
plane perpendicular to the center  line of the flat top surface, the cylindrical leading edges 
are actually elliptic; however, since the leading-edge sweep is large ( 7 5 O ) ,  this effect on 
the stagnation-line velocity gradient is negligible. The stagnation-point velocity gradient 
for  a body of revolution is believed to be a good approximation for  the stagnation-line 
velocity-gradient on a two-dimensional body of the same c ross  section. This approxima- 
tion is validated to some extent by experimental velocity distributions on spheres and 
cylinders shown in reference 7, and also by Newtonian theory which predicts the local 
velocity gradient as a function of only one geometry variable, the local surface slope 
relative to the free-s t ream velocity vector. The modified tangent cylinder approximation 
is very s imilar  to the cross-flow theory of reference 7, the major exception being that the 
stagnation-line heating is assumed to be two dimensional for  the present approximation 
rather  than three dimensional. 

The theoretical 

The flat-plate theory was deter-  
The modified lam- 

The stagnation- 

The local 

In general, poor agreement is shown in figure 8(b) between experiment and the lam- 
inar flat-plate theories for  the negative angles of attack (flat surface windward). 
a!= Oo, transition affects a large region of the flat-top surface and therefore such dis- 
agreement would be expected. For  a! = -loo, however, it is believed that transition only 
affects the las t  instrumented station and upstream of this station better agreement with 
theory was anticipated. The measured heating ra tes  are less than the theoretical values; 
this same trend is noted at a! = 0' fo r  turbulent flow as shown in figure 8(a). 

At 

The laminar flat-plate theory values for  a! = -30' (fig. 8(b)) are less than the 
experimental values as would be expected. A comparison of these measured values with 
turbulent flat-plate theory (not shown in figure) indicates that the boundary layer  over the 
flat top surface was laminar. The modified tangent cylinder approximation is in good 
agreement with the experimental values at CY= 20' whereas the cross-flow theory of 
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reference 7 overpredicts these values. A possible explanation for  this disagreement is 
that the sweep angle of the present configuration (75') is greater  than the sweep of the 
models fo r  which the results are presented in reference 7. 

Theoretical tangent swept cylinder heating distributions along the conical nose stag- 
nation line are shown in figure 9 fo r  both laminar and turbulent flow. For positive angles 
of attack (fig. 9(a)), laminar theoretical distributions are in fair agreement with the experi- 
mental data on the clean model fo r  s/R -0.32 o r  for  values of s/R less than approxi- 
mately one spherical nose diameter. For  s/R > -0.32, the experimental data are grea te r  
than the theoretical distributions because of the spherical-segment nose effect. No signif- 
icance is placed on the absolute magnitude of the heating rates on the spherical-segment 
nose because of the large conduction e r r o r s  that are known to be present. 

Since only small  changes in the magnitude of the experimental heating rates on the 
conical-nose stagnation line occurred when roughness was placed on the model, the laminar 
theoretical distributions are also shown in figure 9(a) for  the model with roughness. 
Q! = Oo, the experimental heating ra tes  f a l l  between the laminar and turbulent theoretical 
heating distributions. This is the same trend noted in reference 5 fo r  swept cylinders at 
small  angles of sweep. At a! = 30°, the stagnation line of the conical nose is perpendic- 
ular  to the free-s t ream velocity vector corresponding to a sweep angle of 90'. Fo r  this 
condition, the turbulent swept cylinder theory predicts zero heat transfer;  however, as 
noted in reference 5, this prediction is not physically realistic since a laminar boundary 
layer  would always exist  for  these conditions with no possible mechanism present to cause 
a turbulent boundary layer. The experimental data for  s/R < -0.5 at a! = 30' a r e  very 
s imilar  to the resul ts  shown for  the clean model at this angle of attack and are in fair 
agreement with the laminar theory. 

For 

Theoretical laminar heating distributions for  the conical nose at negative angles of 
attack are shown in figure 9(b). Similar to the trends noted at positive angles of attack, 
the theoretical and experimental data are in good agreement for  values of s/R less than 
approximately one nose diameter through a = -30'. 

Heating on Wedge Sides 

Measured heating distributions obtained on the wedge s ides  are shown in figure 10 
for  angles of attack from -30' to 40'. The heating ra tes  are presented as a function of 
Ax/R where Ax is the axial length from the point of tangency of the conical nose and 
wedge side for each value of z/R. 
two-dimensional flow are also shown for  each angle of attack and are based on measured 
pressures  f rom reference 1. Since there was no continuous row of pressure  instrumen- 
tation on the wedge surface, the data at z/R = 0 . 3  and z/R = 0.37 were used. For  
a! = -30°, a laminar swept-cylinder theoretical value (ref. 5) is shown for  comparison with 

Laminar s t r ip  theory distributions for  conical and 



the data  obtained at z/R = 0.120. The stagnation line on a 15' swept delta wing with 
cylindrical leading edges at a! = 30' should be located on the leading edges approxi- 
mately 65' below the stagnation line at a!= 0'. 
figuration at a! = -30' is also on the cylindrical leading edges and located at the same 
location as the analogous delta-wing configuration, it would then be located 65O from the 
point of tangency of the wedge sides and the cylindrical leading edges (z/R = 0.12). I t  
was for  these conditions that the theoretical swept cylinder value was evaluated. The 
experimental data downstream of the spehrical-segment nose effects are in good agree- 
ment with this calculated value. Since the stagnation line is apparently located on the 
cylindrical leading edge for  this angle of attack, the resulting c ros s  flow would be expected 
to produce heating gradients in the z direction on the wedge sides as is indicated by the 
experimental resul ts  shown in figure lO(a). With increasing angle of attack to -10' 
(fig.lO(b)), the heating rates at z/R = 0.120 should increase if the stagnation line remains 
on the cylindrical leading edge since it would approach this z/R position. The data 
decreases,  however, and indicate that a stagnation line no longer exists on the cylindrical 
leading edge. The experimental resul ts  for  z/R > 0.120 and upstream of the effect of 
transition tend to fall within a narrow band the magnitude of which is approximated by the 
laminar flat-plate theory. 
u re  1O(c) for  @ =  0'; however, the magnitude of these heating rates  tend to approach the 
cone theory. With further increases  in angle of attack (fig. 1O(d) and lO(e))', all the data 
including that at z/R = 0.12 fall within a relatively narrow band. The magnitude of this 
band of data  for  laminar flow tends to approach the flat-plate theory with increasing angle 
of attack through a =  40'. 

If the stagnation line of the present con- 

Similar trends in the measured heating a r e  shown in fig- 

Experimental and theoretical heating distributions for  the wedge sides are shown in 
figure 11 for  angles of sideslip of &loo at a =  0'. For  /3 = 10' (instrumentation wind- 
ward), an increase in heating relative to the /3 = 0' results occurs as would be expected. 
The magnitude of these heating ra tes  for  Ax/R < 0.75 fall between the flat-plate and cone 
theories; however, for  l a rge r  values of 
theory. With decreasing angle of sideslip to -10' (fig. l l(b)),  a decrease in heating occurs 
and the magnitudes of the heating ra tes  at this sideslip angle are roughly approximated 
by the flat-plate theory. 

Heating distributions on the wedge side for  the model with roughness are shown in 
figure 12 fo r  angles of attack from 0' to 40'. 
sition is considerably forward of the location indicated by the heating rates on the clean 
model at a!= 0' (fig. lO(a)), and for  values of Ax/R > 1 the magnitudes of the heating 
rates f a l l  within a narrow band bounded by the turbulent flat-plate and cone theories. 
For a! = 20' and a! = 40°, the location of transition for  most values of z/R is not 
significantly different f rom that indicated by the experimental data on the clean model. 

Ax/R, good agreement is obtained with the cone 

At a!= 0' (fig. 12(a)), the location of tran- 
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The magnitude of the maximum heating rates a t  z/R = 0.37 for  these angles of attack 
as shown in figure 12 also falls between the two theoretical distributions s imilar  to  the 
results shown at a! = 0'. 

SUMMARY OF RESULTS 

Experimental heat-transfer distributions have been obtained on a composite lifting 
configuration which consisted of a spherical nose segment, a delta-slab upper surface 
with blunt leading edges, wedge sides, and a conical lower surface. The tests were con- 
ducted both with and without roughness on the model at Mach number 3.71, angles of attack 
up to 40°, and nominal unit Reynolds numbers of 3 X 106/ft (9.8 X lo6/,) and 5 X 106/ft 
(16.3 X 106/m). The resul ts  are summarized as follows: 

1. Heating distributions in the vertical plane of symmetry through the range of test 
variables were generally approximated by existing laminar o r  turbulent theories applied 
as if each component of the composite body was an isolated body. 

2. Heating distributions on the sides of the body through the range of tes t  variables 
generally fell between flat-plate and cone s t r ip  theories for  either laminar o r  turbulent 
flow. 

3. Transitional and turbulent flow occurred over most of the flat top surface at posi- 
Heating distributions obtained in this region for this condition were tive angles of attack. 

approximately the same either with o r  without roughness on the model. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 1, 1969. 
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TABIX I.- TERMOCOWLE LOCATIONS 

Thermocouple  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 

39 
40 
4 1  
42 

3 

2 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

L o c a t i o n  

M i d l i n e  - n o s e  

M i d l i n e  - l o w e r  s u r f a c e  

M i d l i n e  - u p p e r  s u r f a c e  

Top s u r f a c e  

S p h e r i c a l  segment  

C y l i n d r i c a l  edge  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  

Wedge s i d e  

C o n i c a l  n o s e  
S p h e r i c a l  segment  

C o n i c a l  l o w e r  s u r f a c e  

s /R 

0.000 
-.&2 - .200 -. 320 
- .450 
- .610 
- .8m 
- .8go 
d.990 

-1.710 
-2.700 
-3.280 

.Og8 

.200 

.350 

.690 
1.320 
2.080 
2.840 

z/R 

0.120 
.210 
.300 
.400 
.520 
.650 
.850 
.PO 
.970 

1.150 
1.360 
1.560 

.037 . 000 

. 000 . 000 

. 000 

. 000 

. 000 

. 000 

. 000 

. 000 

. 000 

.064 

.0;7 

.037 

.037 

.037 

.037 

.037 

.120 

. E O  

.120 

. I20 

. E O  

. E O  

.210 

.210 

.210 

.210 

.210 

.207 

.260 

.300 
,300 
.300 
.300 
.370 
.370 
.370 
.370 
.400 
.LOO 
.400 
.LOO 
.480 
.520 
.520 
.520 
.610 
.720 
.720 
.720 
.720 
.720 
.820 
.870 
.goo 

1.030 
1.170 
1.310 

x/R 

0 . 0 9  
.140 
.190 
.250 
.320 

.560 

.650 

2.860 
.130 

.380 

.710 
1.350 
2.100 
2.860 

.710 
1.350 
2.100 
2.860 

.153 

.220 

.380 
,710 

1.350 
2.100 
2.860 

.120 

.220 

.380 

.560 

.710 

. P O  

.147 

.277 

.380 

.560 

.710 

. P O  

.2 00 

.380 

.560 

.710 

. P O  

.270 
1.350 
2.100 
2.860 

.440 

.560 

.710 

. P O  

.345 

.530 

.710 

. P O  

.420 

.710 
,920 

1.350 
2.100 
2.860 

.560 

.500 

.610 
1.350 
2.100 
2.860 

.390 

.490 

1.350 
2.100 

.220 



TABLE II.- TABULATION OF H%T-TRANSFER MEASUREMENTS ON CLEAN MOPEL AT A NOMINAL REYNOLDS NUMBER 

rhermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
1 2  
13 
1 4  
15 
16 
17 
10 
19 
20 
21 
7 2  
23 
24 
2 5  
26 
27 
2 8  
29 
30 
31  
3 2  
3 3  
3 4  
35 
3 6  
37 
38  
39  
40 
41 
42 
4 3  
4 4  
45  
46  
47  
40 
4 9  
50  
51  
57 
5 3  
54  
55 
56  
57 
50 
59  
6 0  
6 1  
62  
6 3  
6 4  
6 5  
66  
67  
6 8  
6 9  
7 0  
7 1  

p = -10'; T = 391' K; p = 278.9 kN/m2 
W t 

Te 
Tt 
- 

- 97462 
-95640  
-95025  
.94793 
-94590 
-94560  
-93204  
-90797 
-09620  
-91817  
-91667  
-91142 
.97931 
.96360 
.95543 
-95318  
-95048 
-95655  
-95145  
a949 13 
-94015  . 94060 
-93661  
-96172 
-95220  
-94231  
-93526 
-93219  
-92791  
a91547 
-95910  
.93701 
-93016 
a 92679 
-92221  
-92064  
a94126 
-92904  
-92606 
.92306 
-92209  
.92109 
,93451 - 92739 
a 926 11 
-92476 
,92146 
.93144 
a92221 
-92439 

92206 
92394 

,92551 
92626 
92521 
93039 
92416 
92664 
92044 

- 9 2 0 0 1  
91547 

,92341 
93001 

,92596 
.92971 
-91592 
-90347  
,09030 
.91652 
-91599  
-92476  

367.3 
351.2 
341.4 
336.0 
332.3 
331.6 
326.1 
310.9 
299.6 
298.2 
290.0 
297.8 
371.1 
357.7 
339.7 
32a.0 
323.3 
324.9 
343.8 
328.5 
325.0 
324.6 
327.3 
356.6 
346.9 
331.9 
324.1 
320.4 
318.1 
316.9 
355.0 
331.7 
318.6 
315.2 
312.9 
311.3 
340.4 
315.6 

30R.3 
307.1 
306.1 
327.7 
310.0 
306.3 
304.8 
303.3 
322.5 
303.7 
304.2 
303.0 
309.1 
305.0 
305.7 
304.2 
319.5 
305.6 
306.9 
306.4 
310.3 

.302.2 
300.4 
310.1 
309.0 
315.7 
313.8 
304.4 
298.3 
299.3 
290.2 
391.9 

310.7 

h 
(a) 

521.9 
373.6 
264.1 
207.3 
176.2 
162.0 
159.5 
115.4 

55.9 
10.1 
17.2 
21.4 

503.0 
392.6 
215.3 
119.3 
00. 
63.5 

244. 8 
142.1 
107.6 

90.9 
140.2 
399.2 
329.8 
194.5 
134.6 
100.3 

96.6 
130.1 
394. 8 
215.9 
124.2 
100.7 

95.3 
8R.O 

209.4 
111.2 

75.9 
64.6 
57.0 
55.7 
87.0 
66.6 
40.6 
36.4 
33.7 
43.6 
31. 8 
26.3 
24.9 
54.5 
40.5 
37. R 
30.1 

131.0 
44.9 
42.7 
36.6 

116.3 
40.7 
40.3 
43.0 
45.2 
05.4 

111.1 
79.4 
52.0 
17.2 
14.7 
10.5 

BASED ON MODEL LENGTH OF 3.0 x lo6 

(a) (Y = -30' 

0 = -5'; T W = 391' K; p t = 278.9 kN/m2 

Nst 

eCO7330 
-005252  
.003713 
.002014 
-002477  
.002278 
- 0 0 2 2 4 3  
.001623 

000705 
.000142 
.000242 
.COO300 
.000197 
-005519  .~ 
-003027 
-001b77  
.001245 
.000093 
e003441 
-0C199R 
.001513 
.001270 
.001971 
m005612 
-004637 
- 0 0 2 7 3 4  
.001893 
-001523  

.001029 
-005550  
-003036 

.no1358 

. ~ ~ ~ . ~ .  
e001747 
e001415 
-00 1339 
.OC123@ 
.C04069 
.001563 . ..~. 
.COlO60 
.00090@ 
.000801 
.000703 
.002629 
~ 0 0 0 9  37 
.COO571 
.000512 
.000474 
.902@19 
aCOC447 
-000369  
.000350 
-000766 
-000569  
.000532 
.000423 
.001042 
.COO632 
.000601 
-000515  
-001635 
.000572 
.000680 
,000615 
.COO635 
.001200 
-001562  
.001116 
.COO732 . ~~ 

.000242 

.000260 

.ooo207 

- 9 7 5 2 3  
95604  .~ 

-95027  
-94032  
- 9 4 6 0 2  
-94742  
-93416  

90995 
-09010  
-92561  
- 9 0 5 3 0  
-09975  
-98039  
- 9 6 3 9 9  
-95619  - 95409 
.S5439 
.95439 
-95402  
- 9 5 2 3 0  
-94750  
-94210  
.93775 
-96571  
- 9 5 6 3 4  - 94750 
-94255  
-93468  - 92149 
-92269  
- 9 6 3 2 4  
-94285  . ~~. 
- 9 3 6 1  1 
-93423  
- 9 2 9 8 1  
-92876  
-94525  
-93423  . -~ 
-93273  
.9301e 
-92936  
-92794  
- 9 3 8 8 0  
-93318  
e93191  
-93040  
- 9 2 6 8 0  
- 9 3  64  1 
-92531  
-92426  
- 9 2 9 2 1  
-92921  
-93041  
-93048  
-92016  
.93573 
-92901  
-92981  
-93071  
-93536  
-92082  
- 9 2 6 5 9  
-93071  
-93476  
- 9 3 2 5 1  
- 9 2 2 0 4  
e90867 
-90245  
-91437 
.91437 
-92456  

Tw, "K 

375.4 
350.4 
340.6 
335.3 
331.9 
331.6 
326.4 
311.0 
297.7 
301.9 
299.3 
290.0 
371.0 
357.3 
339.1 
327.3 
322.5 
320.5 
319.6 
330.6 
326.0 
322.0 
320.6 
368.8 
349.4 
336.1 
330.2 
334.9 
329.0 
326.3 
360.1 
335.6 
323.3 
321.2 
319.5 
318.1 
343.3 
324.2 
310.6 
313.3 
312.6 
312.0 
331.0 
317.2 
310.1 
311.1 
300.7 
326.2 
308.1 
306.4 
309.7 
315.9 
307.9 
307.0 
307.0 
323.1 
309.6 
309.0 
306.8 
322.5 
307.7 
307.9 
308.0 
316.9 
324.1 
317.9 
307.8 
300.9 
290.5 
297.4 
301.1 

h 
(a) 

515.5 
300.5 
265.4 
207.3 
175.0 
162.4 
161.2 
114.7 
52.2 
16.0 
37.6 
41.2 

597.0 
404.7 
214.4 
111.8 
70.2 
62.0 
52.6 

154.2 
121.4 
106.0 
105.0 
421.5 
361.1 
222.7 
167.2 
135.1 
117.2 
114.9 
410.2 
244.3 
147.0 
120.1 
126.1 
118.6 
319.7 
135.5 
97.0 
08.3 
04.5 
82.4 

208.7 
84.7 
56.7 
53.3 
60.1 

161.5 
56.5 
40.5 
55.0 
69.7 
47.2 
45.7 
45.2 

147.4 
61.7 
42.3 
36.6 

132.0 
62.9 
44.6 
37.0 
80.7 

147.8 
127.0 
93.6 
62.7 
16.8 
12.3 
16.0 

NSt 

-0C7255 
.0C5355 . ~ ~~ ~ . .  
.OC3?35 
- 0 0 2 9 1 7  
-002475  

O C  2 205 
.002260 
a 00 1 C  15 . ~ ~ ~ ~ . .  
eOCC735 
.OCC225 
a000529 
.occ5eo  
.000402 

005696 
.OC9010 
-001574  
. O O 1 1 C 1  
.000073 
.OCC740 
eOC217O 
.OC17C0 
.001503 
.001410 
10c5933  
.005002 
e t 0 3 1 3 5  
.co2353 
.001916 

O C l t  49 
.Col t17 

~ 0 0 9 4 3 0  
.002c00 
.OC 10C3 
-001775  
mOClt69 
.@C4500 
.OC19C7 
-001366  
- 0 0 1 2 4 3  
a001189 

C C  1160 
.CC2937 

. o o ~ e ~  

.COllSZ 
-00C798 
mOCC750 
.OCCE47 
aOC2273 
.OC0796 

.OOC786 
.OCC581 
aOCCt64 
.occc43  

. o c c c  e3 

- 0 0 0 t 3 7  
eOC2C74 
a000860 
eOCC596 
eOCC515 
. ~ c i e 7 0  
.ocoem 
.OCCC28 
.OC0520 
.001135 
.OOiC8O 
.CO1700 
.001'10 
.OCC082 
.OCOi?6 

O C  C 174 
mOC0226 

p = 0'; T = 390' K; pt = 279.4 kN/m2 
W 

Te 
Tt 
- 

-97600  
- 9 5 7 2 3  
-95105  
- 9 5 0 0 6  
- 9 4 0 6 4  

94946 
-93654  
.91101 
-90016  

93041 
-906  14 
-90457  
.98262 
-96634  
.95813 
-95610  
- 9 5 6 8 6  
-95057  
- 9 5 7 2 3  
.95611 
-94677  
-94050  
- 9 3 7 9 6  
e97142  
-96216  
-95476  
.94939 
-93750  
.93355 
-93004  
a96880 
-95006  
.94393 
-94259  
.930&0 
- 9 3 6 3 1  
- 9 5  170 
- 9 4 1 6 9  
-94035  
- 9 3 8 4 1  
- 9 3 7 5 1  
- 9 3 5 4 9  
.94573 
-94057  
.93975 
- 9 3 0 1 8  
-93452  
- 9 4 3 7 1  
-93079  
.93997 
-94229  
-93766  
-93048  
- 9 3 0  10 
.93549 
,94363  
-93048  
* 93766 
- 9 3 6 6 1  
.94334 
- 9 2 9 1 4  
- 9 3 2 5 0  
- 9 3 2 5 0  
e93005  
-93616  
-93026  
-91465  
- 9 0 7 1 1  
- 9 1 1 1 4  
-91316 
- 9 1 9 4 3  

Tw, 

372.5 
350.1 
344.6 
339.0 
335.4 
335.3 
330.1 
314.5 
300.6 
305.9 
303.0 
303.0 
376.3 
364.7 
343.5 
331.1 
324.7 
322.7 
321.0 
337.5 
332.4 
328.0 
326.0 
360.0 
356.1 
344.5 
339.1 
333.0 
329.4 
330.2 
367.4 
344.4 
332.5 
330.0 
329.4 
327.4 
350.0 
328.3 
323.1 
322.2 
321.4 
320.6 
339.0 
321.4 
317.6 
316.6 
316.9 
334.4 
315.3 
316.7 
323.6 
318.0 
314.2 
314- 3 
314.6 
331.2 
317.7 
312.0 
312.3 
930.5 
316.3 
313.1 
313.8 
328.1 
331.0 
325.5 
314.6 
306.5 
299.2 
299.5 
303.4 

h 

(a) - 
461.1 
356.5 
253.8 
198.1 
160.2 
156.1 
153.1 
112.3 

50.0 
20.2 
45.9 
53.0 

468.7 
369.6 
210.1 
111.9 

71.7 
52.5 
44.3 

168.7 
147.2 
133.9 
124.4 
409.4 
371.2 
237.7 
189.1 
166.6 
150.4 
147.2 
410.7 
260.4 
170.2 
151.0 
150.2 
144.6 
321.6 
160.2 
120.5 
110.6 
107.0 
105.6 
221.0 
104. 8 
72.2 
72.6 
01.3 

173.6 
74.5 
62.4 
94.3 
P4.9 
59.3 
58.1 
62.9 

159.5 
70.5 
53.0 
47.1 

143.7 
81.9 
52.4 
55.5 

128.6 
173. 0 
136.2 
105.6 

74.7 
19.3 
17.7 
27.5 

NSt 

-006468  
.005000 
moo3559 
-002779  . C02360 
.002190 
- 0 0 2  147 
-001575  
.900R13 
.000203 
-000643  
-000743  
-006574  
-005  104 . CC2946 
.001560 
.0010@5 
.000737 
.000622 
. to2367 
-002064  
.00187R 
-001745  
-005742  
.005206 
- 0 0 3 3 3 3  
-002652  
~ 0 0 2 3 3 6  
.002222 
e002065  
-005760  
- 0 0 3 6 5 3  
-002387  
.002110 
a002 107 
.002028 
a t 0 4 5 1 1  
-002247  
-C01650 
.001551 
.001500 
. 0 0 1 4 P 1  . ~. .~ 
.C03111 
.001469 
.001c12 
.001019 
. 0 0 1 1 4 C  
OC243L 

-00 1044 
.000875 
-001322  
.001191 
a COOR31 
.00081b 
.000882 
a002238 
.0011OL 
-000743  - 000660 
.002015 

C 0 1 1 4 P  
-000735  
- 0 0 0 7 7 9  
-001003 
- 0 0 2 4 3 0  
.001910 ~. 

001401 
-00 1047 
.000271 
.000240 
0000386  

a h measuredin J/m2-sec-'% 
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Thermo 
couple 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
1 1  
1 2  
13 
14 
15 
16 
17 
18  
19 
20 
2 1  
2 2  
2 3  
2 4  
25  
26 
27 
2 8  
2 9  

31 
32 
3 3  
34  
3 5  
36 
37  
38  
3 9  
40 
41 
4 2  
4 3  
4 4  
45 
46 
47  
4 8  
49  
50  
5 1  
5 2  
5 3  
54 
55 
5 6  
57 
5 8  
59 
6 0  
6 1  
62 
6 3  
6 4  
65  
66 
67 
6 8  
6 9  
7 0  
7 1  

30 

TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS N U ~ E R  
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

,6 = 5'; T = 388' K; pt = 278.0 kN/m2 
W 

- 9 7 0 4 4  
.95165 
.94633 
.94484 
- 9 4 3 1 1  
-94356 
- 9 3 0 8 3  
.90658 
- 8 9 4 9 0  
-91743 
- 9 0 9 2 7  

90673 
- 9 7 6 6 5  
-96131 
- 9 5 3 3 0  
-95097 
- 9 4 8 7 3  
.94723 
- 9 5 0 6 0  
-95165 
- 9 4 0 1 2  
-93742 
.93885 
-96977 
- 9 6 1 0 8  
.95494 
-91.805 
- 9 3 6 0 8  
.93458 
- 9 3 3 2 3  
a 96707 
- 9 5 0 7 5  
.94573 
.94431 

93982 
-93600 
e95120 
- 9 4 3 2 6  
.94236 

94049 
-93892 
- 9 3 5 9 3  
-94573 
- 9 4 2 5 1  
-94207 
-93989 
-93570 
-94446 
-93098 
.94334 
-94236 
-94012 
-94117 
-94072 
.93712 
-94446 
-94132 

94057 
- 9 3 8 9 2  
.94439 
-93218 
-93390 
.93143 
.93772 

93660 
.93046 
-91406 
-90560 
-90231 
-90815 
.91317 

364. a 
347.5 
338.2 
333.2 

329.C 
324.1 
309.4 
298.7 
298.5 
297.3 
297.9 
369.0 
355.4 
337.2 
331.4 
321.8 
319.1 
319.9 
334.0 
328.0 
324.9 
324- b 
361.9 
353.3 
343.1 
337.8 
331.7 
329.2 
327.9 
361.4 
342.8 
332.3 
331.3 
329.7 
327.0 
340.4 
332.6 
327.4 
322.7 
321.9 
320.4 
337.1 
325.1 
31R.2 
317.3 
317.3 
333.3 
315.1 
317.0 
326.9 
318.1 
31L. 2 
314.9 
315.4 
330.3 
318.3 
315.2 
312.8 
329.7 
31  7.4 
313.3 
313.7 
330.1 
331.8 
324.1 
313.1 
304.0 
296.7 
297.7 
301. 6 

320. e 

- 
h 

(a) 
500.5 
395.1 
274.6 
212.9 
180.9 
167.7 
168.6 
118.0 

55.0 
12.3 
2% 9 
25.1 

626.7 
429.9 
220.7 
119.1 

89.3 
70.3 
53.2 

200.7 

158.6 
140.5 
525.5 
635.1 
293.1 
242.6 
213.8 
192.5 
192.2 
531.0 
315.5 
210.0 
193.7 
193.7 
184.0 
304. R 
102.7 
138.6 
139. b 
136.9 
132.2 
261.0 
110.7 

05.2 
92.6 

103.3 
209.8 

93.0 
62.0 

111.0 
94.8 
68.5 
73.0 
82.9 

192.9 
95. 8 
60.7 
6 %  6 

173.9 
105.3 

66 .  b 
77.3 

196.3 
227. 5 
164.8 
125.3 

87.0 
22.5 
22.5 
40.3 

176.3 

__ 

NSt 

.000164 
-005556 
e003862 
,002994 
-002544 
,002359 
.002371 
.001660 
.000773 
.000173 
,000294 
.000353 
.000813 
,006046 
.003103 
.001675 
,001255 
.a009 8 9  
.000749 
.a02823 
.002479 
.OC2230 
.002009 
.007390 
.Cot 119 
-004121 
.e03412 

.002708 
-002704 
.007468 
-004437 
-002953 
e002724 
.002724 
.002580 
-005552 
-002569 
-001949 
e001963 
.001925 
.001859 
,003670 
.001669 
.001198 
.001302 
- 0 0 1 4 5 3  
e002950 
.001307 
.COO872 
.001560 
-001334 
.000963 
.001027 
-00 1166 
,002713 
- 0 0 1 3 4 8  
,000853 
~ 0 0 0 8 5 2  
00 2445 

.001400 

.000936 

.001007 
?002760 
-003199 
.002318 
-001763 
.001224 
.000316 
.000316 
.000567 

.oc3006 

__ . 

(a) 1y = -30' - Concluded 

- 

j3 = 10'; T = 389' K; pt = 278.5 kN/m2 
W 

Te 
Tt 
- 

- 9 6 9 3 7  
-95117 
.94593 
-94436 
- 9 4 2 3 4  
m94234 
-92886 

90489 
-09298 

90S54 
-90004 
- 9 2 2 1 9  
- 9 7 6 0 4  
- 9 6 1 2 1  
-95320 
.94953 
.94398 
- 9 5 2 0 2  
.94953 
.95102 
-94159 
- 9 4 0 2 4  
- 9 4 1 7 4  
-97319 
- 9 6 5 3 3  
-95986 
-95117 
-94166 
- 9 4 0 8 4  
- 9 4 0 5 4  
e97072 
-95701 
-95312 
.95110 
- 9 4 5 1  0 
-94069 
.?5567 
-94990 
-94968 
.94743 
- 9 4 5 0 3  
-94129 
- 9 5 0 8 7  
-94960 
.94945 
-94660 
- 9 4 1 4 4  
-94990 
- 9 3 7 6 9  
- 9 4 5 6 3  
.94893 
-94728 
- 9 4 8 4 0  
-94780 

94324 
-94968 

94863 
.94795 
- 9 4 5 6 3  
-94960 
.93934 
.94099 
-93709 
- 9 4 3 2 4  
- 9 4 2 3 4  
.93455 
- 9 1 7 0 2  
- 9 0 7 7 4  
-9C055 
-91043 

91628 
. .  

Tw, OK 

362.9 
347.0 
338.3 
333.5 
329.8 
329.3 
324.2 
309.0 
300.4 
294.9 
295.7 
300.3 
367.9 
355.1 
337.9 
327.0 
321.3 
323.2 
342.0 
335.1 
329.5 
327.0 
326.4 
363.9 
356.1 
347.4 
341.4 
335.9 
333.7 
332.6 
363.5 
347.8 
338.3 
337.1 
335.0 
331.8 
351.8 
332.8 
337.9 
328.4 
327.2 
325.2 
341.4 
326.0 
323.4 
322.4 
321.6 
337.7 
319.2 
319.5 
327.1 
322.7 
325.3 
319.0 
320.0 
334.7 
323.2 
317.0 
317.8 
333.9 
322.2 
316.8 
317.6 
330.8 
337.5 
327.4 
316.2 
307.4 
297.9 
300.5 
305.4 

h 

( 4  
472.0 
346.5 
251.3 
199. b 
169.9 
156.7 
156.3 
110.9 

56.1 
6.0 

12.5 
12.5 

491.1 
371.2 
207. b 
121.5 

92.1 
60.1 

243.5 
200.9 
175.1 
161.1 
150.8 
460.6 
403.0 
293.9 
249.2 
219.4 
200.8 
200.9 
464.2 
316.0 
223.9 
209.6 
209.8 
198.3 
374.2 
200.6 
160.2 
156.6 
152.8 
146.5 
262. b 
126.0 

106.8 
116.0 
214.5 
100.9 

75.6 
83.5 

111.2 
07.6 
86.0 
95.7 

200.2 
106.9 

68.1 
73.2 

179.9 
115.6 
70.0 
06.9 

171.7 
Z48.5 
167. b 
132.9 
96.0 
30.3 
26. b 
55.0 

102.6 

_- 

NSt 

.006644 

-003536 
.002809 
e 0 0 2 3 9 2  
-0C2205 
.OC2200 
.OCl561 
.occ190 
.OOCO84 
.OCC176 
.000175 
.OCC512 

0 0 5  2 24 
.OO2521 
.001711 
-00 l i 9 7  
e000846 
-0034 20 
.002827 
.OOi464 

0 0 2 2 6 8  
.ooi 122 
- 0 0 6 4 8 3  
. 0 0 5 t l 3  
~ 0 0 4 1 3 7  
.OC$5C8 
.OO3C08 
- 0 0 2 8 2 6  
.002820 

O O t  534 
- 0 0 4 4 5 9  
.OC31tl  

CC25 53 
.OOi792 
-0C5207 
-00 2 8 24 
e 0 0 2 2 5 4  
.OOi205 
.OCil51 
.002C62 
aOC3t97 
.OC1713 
- 0 0 1 4 4 5  
.OC1504 
. 0 C l t 3 3  
,0010 19 
nOC1420 
- 0 0 1 C t 4  
.001176 
,001566 
.CO1233 
. O O l i l l  
,001347 
.OC2@10 
.001504 
nOCC559 
-0 01030 
,002532 
,001627 
,OOC557 
, 0 0 1 2 2 3  
,002416 
,003497 
,002159 
, 0 0 1 8 7 1  
,OC1351 
.OCC426 
,OCC215 
,000775 

. 0 0 4 e n  

.002950 

-. 

a h measured in J/m2-sec-% 

16 



TABLE U.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

0 = -10'; Tw = 386' K; pt = 277.7 kN/m2 
Chermo- 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10  
11 
12  
13 
1 4  
1 5  
1 6  
17  
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30  
31 
32  
3 3  
34  
35 
36  
37 
30 
39  
4" 
4 1  
42 
4 3  
44  
45 
46 
4 7  
40 
49 
50  
51 
52 
5 3  
54  
55  
56  
57  
50 
59 
6 0  
6 1  
62  
6 3  
64  
6 5  
66  
67  
60  
69 
7') 
7 1  

-98294  
-97306  

96900 
-96732  
-96274 

96041 
-94696 
-92156 
-90653  
-91570 
-93809 
-94673  

97717 
-95019 
.93959 
-93674 
-93719  
.94989 

94200 
.93358 
.93644 
-95026 
-94080 
-95665 - 94365 
-93410  
-92862 

93000 
.94343 
-920  17 
-96319 
-93002 
-93125 
a92907 
-92637  
-92659 
-95026 
-93215 
-92922 
-92742 
.92764 

92032 
.94395 - 92900 
-92787 . 92787 
-92047 
-94102 
-93606 
-94162 
.94395 
-92419 
.92471 
-92569  
-92757 
.93944 
-92066 
-92096 
.92359 
-93659 
a 91111 
-91479 
-93313  
a 94102 
-94095 
-92501 - 91119 
-90412 
-92156  
-93644 
-94590  

T,, OK 

364.1 
354.8 
340.1 
343.5 
330.6 
337.1 
331.9 
317.3 
305.0  
299.2 
306.1 
310.5 
361.5 
337.4 
310.5 
314.4 
309.9 
315.2 
324.3 
310.1 
309.9 
317.9 
321.2 
343.7 
329.8 
316.1 
309.3 
308.7 
314.2 
314.5  
350.0 
120.5 
310.2 
307.4 
307.6 
304.6 
330.4 
316.6 
307.4 
3W. 6 
303.7 
304.2 
329.0 
300.4 
305.0 
304.1 
303.4 
325.6 
306.6 
309.1 
314.1 
305.2 
303.1 
303.5 
304.0 
322.0 
304.0 
301.1 
303.0 
321.1 
312.1 
300.8 
300.1 
314.5 
313.5 
317.1 
307.4 
300.t 
298.5 
307.4 
314.5 

. /mz-se(  

h 
(a) 

570.9 
465.9 
350.4 
294.5 
250.6 
231.6 
233.9 
175.6 

89.2 
29.1 
17. 2 
34.4 

531.8 
287.3  
112. R 

62.1 
52.4 
45.5 

156.2 
69.2 
57.0 
66.4 

1LO.8 
359. 0 
241.7 
119.1 

72.6 
59.1 
60.8 

120.3 
416.2 
104.5 

77.4 
57.2 
52.3 
42.3 

312.@ 
103.5 

57.7 
42. 2 
34.0 
20.5 

219.6 
66.6 
38.9 
34. Q 

28.6 
192.2 ~~ ~ 

30.2 
36.4 
62. 2 
54.1 
36.7 
36.1 ~~.~ 
35.2 

179.9 
53.4 
30.6 
29. 2 

161.0 
62. @ 
42.5 
45.2 
02.1 
72.9 

150.0 
111.7 

71.4 
11.4 
33.3 
66.4 

% 

.008120 

.Cob541 

.@05032 
-004134 
.00351P 
-003251 . ~~ 

-003284 
-002465 
.001252 
.00040E 
aCOC242 
-000483 

007467 
-004033 
-001584 
.@00872 

.002194 

.000971 

.0000')1 
-000932 
.001'77 
.005952 
.OO 3393 
.001672 
.001019 
.PO0030 
.000053 
-001698 
.005044 
.002590 

001086 
.000004 
.000734 
-000594 
.004380 
.PO1453 
.000810 
.@COS92 
-000477 
.000400 
.003084 
-000935 
-000546 
.000439 
.000401 
-00269R ...-~ . 
a000425 
,000512 
.COO873 
.000760 
~ 0 0 0 5 1 5  
.000517 
-000494  
-002526 
.O@C750 
~ 0 0 0 4 3 0  
.COO410 
-002272 
.000852 
-000596 
.000635 

001  153 
-001 024 
.002230 
.001568 
.OOlCO2 
.000160 
1000468  

000932 

(b) CY = -15' 

P = -5'; T W = 390' K p t = 279.0 kN/m2 

-90189 
-97248  
-06901  
-96638 
-96247  
-96020 
a 94643 
-92077 
-90541  
-91906  
-94199  
-95313  
-97677  
.94929 
-93091  
-93665 
-94019 - 95027 
-94636 
-93567  
-93913 
-94124  
-93710 
-95  093 . .~ . 
-94553  
-93687 
-93462  
-93650 
-93492  
-92995 
a 96593 
-94124  
-93404  
-93364  
-93176 
-93326  
-95396 
m93627 
-93319 
-93146  
-93191  
.93311 
-947R6 
-93364  
-93206  
-93153 
-93191  
-94530 
-93861  
-93068 
-93740  
-92905 
-92920  
,92905 
-92995 
-94300 
-92649  
-92604 
-92679  
-94124  
-91685 
-91941  
-93228 
.94493 
-94350  
I 92090 . 
.91429 
-90662 
-92107 
-94342 
-95246  

T,, OK 

366.2 
357.0 
350.4 
345.6 
340. 0 
339.2 
333.7 
318.3 
309.4 
300.0 
307.7 
316.8 
363.8 
339.6 
319.4 
316.5 
310.1 
314.5 
321.4 
312.3 
312.4 
313.7 
313.2 
348.5 
334.3 
320.4 
315.7 
316.6 
315.5 
313.5 
355.0 
320.3 
314.4 
312.3 
311.1 
311.2 
344.2 
317.1 
314.5 
310.1 
311.0 
310.5 
334.7 
316.8 
314.4 
309.5 
307. 0 
331.2 
307.1 
300.3 
308.7 
316.4 
311.5 
305.5 
305.0 
320.0 
314.7 
309.9 
304.8 
326.2 
306.5 
304.6 
309.1 
310.4 
315.5 
321.7 
311.1 
303.4 
299.9 
310.3 
315.3 

h 

(4 
534.6 
429.3 
338.1 
200.9 
240.9 
222.1 
223.5 
160.9 

91.0 
25.7 
2P. 1 
61.8 

496.9 
274.6 
120.1 
57.7 
43.0 
40.5 
94.6 
77.3 
65.0 
67.5 
74.3 

355.5 
255.7 
137.4 

95.5 
98.4 
94.6 
91.6 

421.8 
202. 0 
131.7 

70.7 
74.2 
71.') 

320.7 
116.3 

77.9 
56.9 
50.1 
45.0 

240.0 
9@.2 
52. 3 
41.4 
35.0 

205.7 
27.3 
4 0 . 2  
40.1 
01.4 
56.4 
45.9 
30.2 

193.2 
17.6 
52.4 
43.4 

173.9 
80.5 
56.4 
54.3 
09.9 
66.0 

169.3 
126.0 

07.0 
20.9 
22.0 
49.8 

NSt 

.OCi511 

.006031 
aOC4749 
-003947 
-002384  
.003121 
.OC3140 
.OC23i3 
.001290 
.000361 
. roc283  
.OCOE60 
. 0 0 t ~ e 2  
. ocze57  

. o c c e i i  
OC 16 87 

.OOC615 
eOCC569 
.OC 13 2') 
.001087 
.OCC513 
.OCC540 
-001C44 
.o c4994 
.oc3593 
.001930 
.001341 
.oc i ' ? e2  
.001329 
.001207 
-005927  
.0C2849 
.0C1428 
.OCllC6 
.001043 
a000997 
-004505  
.0Ol t34  

0 0  IC94 
eOCC799 
.occ7c4  

. 0 C C 5 8 1  

.O00491 

.ooc3e4  

.OCO565 

.000564 

.C01144 

.OOC753 

. o c i e 9 ~  

.... ~ . o c c t 4 5  

.O@C537 

.OOil14 

.001091 
sOCC736 
. O C O t  10 
. 0 c i 4 4 3  
.O 0 1130 
.00C793 
.OOC7€3 
.001261 
-000938  
-0C2379 
.001770 
.001222 
-000293  
.OCC3C9 
.00Cf99 

P = 0'; T = 390' K; pt = 279.9 kN/m2 
W 

"e 
T t  
- 

-90071  
.97112 
-96813  
-96580 
-96184  
.95575 
-94567 
-91970  
-00413  
e92179  
.93654 
.94343 
.97599 
.94859 

93709 
.93579 
-94103  
-95256  
-95076  
-93721  
-93709  
-93265 
-92853  
-86124  
-94762 
-93976  
,93834 
- 9 3 7 2 1  
-93115  
-92666  
e96000 
-94530  
-93864 
-93804  
,93639  
.93759 
- 9 5 6 4 5  
-94020 
-93004  
-93609  
-93654  
.93759 
-95226  
-93856 
.O3684 
-93646 
-93609  

'25009 
-94223  
- 9 4 0 5 1  
.94118 
.93444 
.93459 
- 9 3 4 2 9  
*93474 
.%E59 
.93200 

93.197 
.93152 
-94582  
-92277  
-92381  
.93399 
-94650  
-94283  
-93265  
-917CO 
- 9 0  907 
-91005  
-93834  
.94545 

~ 

rw, OK 

~~ 

374. 6 
357.4 
351.2 
346.4 
341.4 
34@. 1 
334.5 
319.0 
303.6 
300.6 
300.9 
312.4 
372.2 
340.3 
320.3 
314.1 
310.7 
314.6 
320.4 
316.4 
316.9 
313.9 
311.7 
361.3 
337.0 
324.9 
321.6 
320.4 
324.9 
322.5 
367.2 
333.4 
319.6 
318.3 
317.6 
317.6 
347.8 
322.1 
315.9 
312.3 
311.0 
311.8 
339.5 
310. 5 
312.1 
310.0 
308.6 
336.3 
311.9 
312.0 
312.3 
315.5 
312.2 
310.4 
309.4 
332.0 
31L.6 
311.5 
310.1 
330.9 
312.0 
309.9 
313.4 
322.8 
320.4 
326.0 
315.1 
307.0 
302.7 
308.0  
313.9 

h 

(a) 
594.5 
403.6 
374.1 
306.4 
259.7 
240.6 
242.5 
100.1 
91.7 
17.4 
35.6 
44.3 

542.7 
299.9 
127.4 
56.7 
32.1 
21.6 
68.0 
97.6 
96.4 
90.2 
83.2 

422.2 
299.4 
166.1 
120.7 
127.0 
110.8 
116.9 
489.1 
245.5 
127.6 
105.4 
103.0 
100.8 
386.1 
148.5 
96.1 
73.6 
57.8 
63.0 

288.0 
110.1 
61.5 
50- 5 
41.0 

247.2 
42.6 
55.4 
45.5 

104.8 
76.2 
61.7 
50.3 

229.1 
100.5 
73.4 
60.9 

205.5 
103.7 
76.3 
72. 1 

116.1 
101.0 
199.6 
151.4 
104.7 

36.1 
29.3 
53.2 

NSt 

,008336 
.CO6702 
-005246 
-004296 
-003642 
-003373 . C03401 
a002525 
.001205 

000244 
.000499 
.000621 
-007609  
a004206 

001707 
-000796 

C0045C 
.000303 
.OOOQ53 
.001360 
-00 1352 - 00 1265 
.001167 
.005021 
-004198 
-002328  
-00 1005 
-001781 
.001665 
.001t39 
.006058 
.003443 
.001709 
.001470 
-001445 
.001414 
-005415 
.002003 

. C01032 

.ooi36e 

.000951 - C008B3 
-004039 
.001656 
.0000 63 . 000709 
.000575 
-003467  
.COO597 
-000776 
.000637 
.001470 
-001068 
.000065 
.000705 
.003212 

CO1409 
.001030 

.002082 
GO1454 

.001070 

.001012 

.001620 . C01416 

.0027O9 
.@02123 
.001460 
.000506 
.000411 
.00074? 

. O O O ~ F . ~  

a h m e a s u r e d i n  
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
EASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(b) a = -15' - Concluded 

.- 

p = 100; T = 3gi0 K; p = 277.2 m / m 2  
W t 

- 
p = 5O; T = 388' K; pt = 278.1 m / m 2  

W 
rhermo 
couple 

h 

(a) 
559.9 
453.3 
360.3 
298.0 
251.3 
233.9 
235.1 
174.3 

93.2 
28.1 
21.1 
39.5 

520.4 
290.2 
128.7 

68.0 
56.8 
46.8 

156.3 
122.7 
111.8 

93.7 
83.6 

448.3 
330.4 
207.5 
175.9 
160. 8 
149.0 
138.4 
522.9 
297.6 
169.6 
150.3 
151.4 
142.0 
431.1 
202.7 
136.1 
108.3 
101.5 
95.4 

335.6 
156.5 

87.4 
12.4 
6 6 * 4  

292.7 
76.9 
83.9 
76.2 

142.6 
107.0 

87.2 
72.7 

271.5 
138.9 
102.6 
83.6 

!42. 5 
140.3 
106.2 
91.3 

148.2 
197.6 
!28.6 
179.7 
129.6 
50.5 
390 5 
90.  @ 

__ 

h 

(a) 
5 67.9 
487.7 
379.2 
310.7 
263.1 
244.0 
245.3 
180.2 

92.6 
21.1 
30.6 
67.5 

525.5 
298.9 
125.9 

62.0 
46.6 
41. 3 
73.7 

113.5 
108.1 

95.0 
84.7 

456.2 
319.8 
191.1 
159.0 
153.R 
138.7 
126.6 
496.6 
272.8 
148.9 
130.7 
132.3 
127.1 
425.0 
175.9 
116.2 

90.5 
83.6 
79.6 

319.9 
136.6 

75.6 
61.3 
52.8 

278.1 
60.5 
69.0 
62.5 

124.2 
92.0 
75.2 
61.3 

255.9 
120.3 

89.4 
73.6 

229.3 
123.2 

93.0 
79.3 

142.9 
130.2 
221.4 
167.3 
115.6 

44.0 
31.3 
67.1 
- 

K 

Te 
Tt 
- 

.97493 
.96604 
.96343 
-96113  
-95718  
.95495 
-94109  
-91592  
.90073 
e91093 
.93588 
.94497 
-97133  
.94541 
.93499 
.93186 
-93164  
-9G027 
.93640 
-93514  
-92814  
-92501  
.92620 
-96507 
-95197  
-94556  
-94266  
-93313  
.92828 
-92523  
-97286  
.95353 
-94891  
.a4832 
-94541  
.94430 
-96366  
.95055 
-94869  
.94735 
.94750 
- 9 4 6 9 0  
-95956 
-95018  
,94891 
-94824  
.94713 
-95807 
.95 107 
-94467 
- 9 3 6 3 3  
-94668 
.94705 
.94690 
.94615 
-95606  
-9451.1 
-94L52  
-94482  
.95316 
-93469  
,93439 
-94243  
.95063 
.93558 
.93931 
-92292  
.91414 
, 9 1 4 8 8  
.93671 
,93648 
_. 

Tw, OK 

363.6 
354.9 
349.5 
345.1 
340.3 
339.0 
333.5 
318.5 
307.0 
300.4 
308.8 
313.2 
362.1 
339.5 
325.6 
313.6 
311.8 
314.7 
326.4 
319.7 
316.2 
312.7 
311.8 
355.4 
342.7 
332.2 
329.3 
325.0 
321.4 
329.6 
362.0 
341.8 
329.2 
328.6 
327.9 
326.2 
354.2 
337.3 
329.4 
325.2 
321.3 
320.7 
346.7 
328.3 
324.0 
320.7 
319.1 
344.0 
322.2 
318.7 
315.4 
325.6 
321.7 
319.6 
318.2 
340.0 
324.7 
320.8 
319.0 
338.0 
321.6 
318.7 
320.0 
329.2 
328. 8 
332.2 
321.4 
312.9 
305.1 
311.6 
311.4 

ye 
Tt 

.97983 
- 9 7 0 4 1  
-96757 
-96532  
-96128 
-95918  
.94518 
-91919  
-90391  
-91881  
-94330 
-95259  
-97551  
.94847 
- 9 3 7 9 1  
-93566  
.93896 
.94885 
.94750 
.93806 
- 9 3 4 7 1  
-92907  
-92952  
-96532  
-95139  
.94398 
-94255  
-93686  
-93095 
.92795 . 972R9 
-95102 
.94518 
.94413 
-94255  
-94270 
-96225  
.94667 
,94450 
-94293  
.Q4345 
,94390 
.95753 
.945 85 
-94420  
.94368 
-94300 
.95589 
.94847 
-94330  
-93671  
-94196 
- 9 4 2  18 
.94210 
-94196 
.95409 
-94053  
,93986 
-93971  
-95124  
-92997  
.93020 
-94255  
- 0 5  109 
e94315 
-93769  
-92128  
.91290 
-91649  
-94143  
-94196 

Nst NSt Tw, OK 

376.9 
354.0 
348.1 
343.5 
338.8 
337.5 
332.0 
316.8 
305.5 
299.9 
310.4 
317.1 
374. Q 

337.3 
323.4 
311.4 
310.3 
314.0 
319.0 
316.9 
315.4 
311.7 
310.8 
351.6 
337.9 
326.7 
32L. 1 
321.9 
318.4 
329.4 
372.9 
335.2 
322.4 
321.8 
321.1 
320.6 
349.3 
330.3 
322.8 
31R.h 
315.0 
315.0 
340.8 
321.6 

315.2 
313.5 
338.1 
315.9 
313.7 
311.0 
318.9 
315.5 
313.7 
312.5 
334.4 
318.1 
314.9 
313.4 
332.5 
315.1 
312.7 
316.5 
325.4 
936.0 
327.2 
316.4 
308.1 
302.6 
31@.6 
313.7 

3ie .o  

lm2-sec 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
15 
l b  
17 
18 
1 9  
2 0  
2 1  
22 
23 
2 4  
25 
26 
27 
29 
29 
30  
3 1  
3 2  
1 3  
34  
35  
36 
37 
3R 
39  
L O  
4 1  
4 2  
1.3 
4 4  
45  
46 
47 
48 
4 9  
50 
5 1  
52 
53  
54  
55 
56 
57 
5 R  
54  
6 0  
6 1  
6 2  
6 3  
6 4  
65  
6 6  
6 7  
6 8  
6 0  
7 0  
7 1  

-0C7535 
- 0 0 6 4 2 3  

OC5 106 
-004222  
-0C35Cl 

-004370  

-002535 
.001321 
.OCC358 
.OPC299 
.OCC560 
- 0 0 7 3 7 4  
-0C4112  

O O C S  64 
. occec5  

.oo ie23  

.007310 
-004204  
.001770 
.COO871 
.000655 
.000S81 
,001036 
.CO1596 
.001520 
-001337 
00 1191 . C06415 

.@04497 
-002688 
-002236  
.002163 
a 001951 

-00C663 
.CCi i lS  
,001738 
-0C1584  

.OC2540 
,002492 
.002278 
.00 i111  
. O C 1 5 6 1  
.007410 
.004217 
.00i4C3 .002094 

.005989 

.002414 

.001635 

.001272 
. O C l 5 Z S  
.0015?5 

OC1439 
.COI35Z 
.0c4756 
.OCii17 . O C  1239 -001063  
.001025 
.OCC541 
-004148  
, OC1090 . C O  1189 

.000851 

.000910 

.000819 
-001746 
-001293  

. O C l i f 6  

.001031 
,GC3E47 
,001969 .C01692 

.001258 

.001035 
-003225  
-001733  
-001308 

,001454  
mCO1184 
,OC3436 
, O C l S @ B  
bCC1505 
,OCl253  
, 0 0 2 1 0 1  
, O C Z E C O  
t 0 0 3 2 4 0  I 003  113 
. e 0 2 5 4 1  
,001826 
,OCO716 
, O C C  5 60 .000524 

.COO944 ,001286  

a h measuredin 
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rherma 
couple 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6R 
69 
70 
71 

a h  

TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL KEYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

p = 0'; Tw = 391' K; pt = 279.5 kN/m2 

Te 
Tt 
- 

-98338 
-97741 
.97493 
-97215 
-96772 
-96592 - 95360 
-92835 
-91243 
-92437 
.93534 
-94638 
-97530 - 945 18 
-93436 
-33210 
93807 

.95435 

.95495 

.93339 
93617 

-93767 
.93602 
-96066 
-94608 - 93004 
-93557 
-93767 
-93962 
93639 

.9711R 
-94653 
-93932 
93767 

.93557 
-93692 
-96051 
-94218 
-93940 
-93722 
-93722 
-93012 
-95675 
94060 

-93027 
-93752 
* 93692 
-95407 
-942 10 
-95525 
-94570 
-93647 
-93632 
a 93572 
-93572 
-95315 
-93466 
-93304 
-93361 
-95074 
-92617 
-92790 
,93767 
-94049 
-94676 
.93¶47 
-92430 
-91640 
-92520 
-94909 
.94834 

asured in 

Tw, OK 

373.7 
368.6 
353.0 
340.9 
343.7 
342.7 
337.7 
322.8 
307.3 
302.1 
305.3 
309.3 
369.4 
334.9 
315.0 
307.0 
306.1 
313.2 
319.4 
311.0 
311.0 
311.Z 
310.2 
358.0 
333.5 
320.5 
315.8 
322.2 
320.4 
317.4 
366.1 
331.7 
317.2 
314.2 
312.7 
311.5 
340.2 
327.1 
319.7 
311.5 
310.0 
310.8 
340.9 
31R.5 
312.1 
310.2 
309.1 
337.9 
311.1 
323.2 
323.1 
315.6 
312.3 
310.0 

334.3 
314.6 
311.4 
310.3 
332.6 
312.7 
310.2 
312.0 
316.9 
320.1 
320.4 
317.9 
309.8 
304.6 
313.8 
318.4 

310.2 

h 
(4 

519.1 
459.3 
375.0 
312.5  
266.1 
249.5 
252.0 
193.8 
104.1 
26.9 
22.3 
23.6 

456.0 
251.5 
94.6 
30.3 
21.4 
19.4 
67.3 
71.3 
60.2 
63.1 
57.4 

363.1 
255.5 
136.3 
95.6 
90.1 
97.0 
103.2 
4 3 2 . 6  
224.4 
111.6 
83.7 
76.6 
65.3 

366.3 
150.9 

0 8 . 9  
67.7 
55.9 
46.4 
288.3 
118.2 
66.0 
56.1 
49.3 
250.2 
47.5 
100.9 
131.2 
l(12.6 
78.0 
66.5 
59.4 

234.1 
102.2 
74.4 
64.8 

210.9 
105.4 
74.6 
64.6 
62.2 
100.0 
206.2 
159.7 
113.0 

30.7  
41.6 
84.6 

/m2- sec- OK 

Nst 

e007206 
.OC6448 
-005265 
00438' 

-003736 
.003502 
-00353'7 
-002721 
-001461 
.!I00370 
.000313 
.000332 
.006412 
-003530 
. 0@1328  
.900510 
.@00300 
-000272 
.00@944 
.001001 
.@OC95R 
.000886 
.COO806 
.005098 
-003587 
.001913 
-00 1342 
-901264 
.001362 
C01449 

.C06073 

.003150 
-00 1567 .~ 
a001175 
-00 1076 
.OOOQ16 
.005142 
.CO2119 
.001380 
.000950 
.000795 
.000651 
-004C47 
-001659 
-000926 
.000780 
.000692 
,003512 
.000667 
.001417 
e 0 0 1 0 4 1  
.001440 
.001C96 
-000933 
.000834 
-003287 
-001r35 
.001045 
.OOOQ10 
.002961 
.001480 
.001C40 
.0009'J6 
.0@0873 
.001404 
-002 094 
-002241 
.001507 
-000543 
- 0 C C 5 8 4  
.001107 

(c)  01 = -loo 

Nst 
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT'A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 x 106 - Continued 

Thermo 
couple 

1 
2 
3 
4 
5 
6 
7 
0 
9 

1 0  
11 
12 
1 3  
14 
15 
16 
17 
10 
19 
20 
2 1  
22 
23 
24 
25  
26 
2 7  
20 
29 
30 
31 
32 
33 
34 
35 
36  
37 
30 
39 
40  
4 1  
42 
4 3  
4 4  
45  
46  
47  
40  
4 9  
50  
5 1  
5 2  
5 3  
54  
55 
56  
57 
50  
59  
6 0  
6 1  
62  
6 3  
6 4  
6 5  
6 6  
67  
6 0  
6 9  
7 0  
7 1  

= -10'; T W = 388' K; p t = 279.5 kN/m2 

- 9 0 3 8 4  
.90190 
- 9 7 9 1 1  
- 9 7 6 1 0  
- 9 7 2 3 3  
- 9 7 2 0 3  
- 9 6 2 2 4  
-93005 
.92290 
-92652 
- 9 4 4 6 1  
-94090 
.97203 
- 9 4 1 4 4  
.93059 
- 9 2 6 0 2  
-93556 
-94295 
.94212 
.92690 

93541 
- 9 5 1 0 9  
-95040 
I 95 199 
.93020 
-92999 
-92705 
-93436 
- 9 5 0 9 4  
-94607 
.96359 
.93745 
.93059 
- 9 2 0 6 3  
.92667 
.92700 
- 9 5 3 7 2  

93263 
- 9 2 9 0 1  
-92690 
-92690 
-92750 
.94905 
-92961 
- 9 2 7 1 3  
,92577 
- 9 2 4 0 7  
-94702 
- 9 2 9 7 6  
- 9 4 7 2 4  
- 9 4 8 3 0  
-92479 
.92441 
-92366 

92374 
-94649 
,92321 
.92140 
-92200 
-94521 

91695 
.9I839 
.92041 

94305 
.94837 
.93692 
-92366 
- 9 1 6 0 8  
-9245b 
-93507 
.95040 

363.1 
360.; 
355.! 
350.: 
345. i 
345.1 
341.1 
327.; 
316.! 
307.5 
312.d 
319.r 
357.1 
330.2 
314.€ 
306.C 
306.E 
315.f 
316.f 
305.a 
305.5 
313.5 
316.5 
340.1 
325.1 
317.5 
307.2 

312.7 
317.5 
349.9 
322. E 
312.1 
300.2 
300.1 
306.0 

310.5 
311.5 
307.5 
307.6 
304.3 
334. E 
317.3 
306.5 
303.1 
302.1 
331.9 
304.6 
312.0 
316.9 
310.5 
306.0 
305.9 
30L.C 
328.6 
309.6 
305.1 
305.7 
327.5 
311.1 
303.1 
304.5 
3@9.6 
315.7 
324.6 
315.1 
311.5 
302.0 
307.6 
316.9 

304. i 

34i.e 

~ 

- 
h 

(a) 
434.7 
400.7 
340.2 
294.7 
253.2 
237.3 
240.3 
192.9 
116.9 
42.4 
40.0 
90.0 

371.2 
202.5 
77.2 
33.2 
20.7 
62.7 
75.3 
36.6 
21.0 
45.5 
66.0 

213.3 
106.6 

05.2 
37.6 
22.7 
33.7 
76.0 

332.6 
163.0 

69.3 
47.6 
42.2 
3 0 .  8 

202.P 
106.9 

67.0 
47.6 
41.0 
20.1 

230.9 
05.7 
39.6 
32.6 
20.1 

202.1 
32.0 
43.5 
69.3 
70.4 
45.7 
39.0 
34.3 

191.1 
68.6 
44 .  R 
30 .0  

172.3 
74.6 
40.6 
34.8 
27.6 
57.4 

169.6 
131.4 

92.2 
25.5 
35.9 
62.5 

.- 

Nst 

.006000 
-005716 
- 0 0 4 0 6 9  
.004121 
- 0 0 3 5 4 2  
e003320 
-003361 
.002690 
-001635 . .. 
.COO593 
.000570 
.001269 
.005191 
a002033 
a001079 
.000464 
-000402 
~ 0 0 0 8 7 7  
.001053 
.000512 
.000305 
-000636 
-000923 
e003823 
-002610 
.001192 
.000525 
~ 0 0 0 3 1 7  
.000471 
.001C54 
.004652 
.002280 
.COO969 
.000666 
.000590 
~ 0 0 0 4 3 1  
.003944 
-001495 
.000930 
.000666 
- 0 0 0 5 7 3  
.000407 
e003229 
.001190 
-000554 
.000456 
eOOC394 
.002R27 
.000458 
.000609 
moo0969 
.000$05 
.Coot39 
.COO545 
.00040C 
.002673 
.OC0960 
-000627 
-000542 
-002409 
-00 1043 

.000487 

.000306 

.0000')2 
-002372 

.@a0680 

.ooie3e . . . ~ ~  

.C@120? 
,000357 
.000502 
-000074 
__ 

Te 
Tt 
- 

.90123 
-97872 
.97640 
-97317 
-96956 
-96096 
- 9 5  090 
.93495 
.91941 
.92504 
- 9 3 0 8 2  
.95007 
- 9 6 9 4 1  
.93010 
-92774 
- 9 2 4 2 1  
-93277 
.94373 
-93900 
- 9 2 4 5 9  
.93172 
.94223 
.94914 
- 9 5 2 1 4  
,93750 
- 9 2 9 0 9  
.92541 
.93067 
.94200 
-94636 
-96431 
- 9 3 0 6 3  
-93120 
-92872 
.92632 
-92752 
.95537 
-93408 
-93090 
e92797 
.92767 
-92797 
- 9 5 1 3 2  
.93232 
.92917 
-92767 
-92632 
.94914 
-93045 
.94606 
- 9 4 6 1 4  
-92702 
-92737 
.92647 
-92609 
-94047 
-92662 
- 9 2 5 2 6  
-92541 
.94734 
-92016 
.92144 
-93037 
.94434 
-94396 
- 9 3 9 0 0  
.92511 
.91761 
-92406 
- 9 3 3 3 0  
-94516 
.. . 

~ 

Tw, OK 

366.7 
363.4 
350.7 
353.5 
340.4 
347.0 
343.5 
329.2 
313.5 
305.4 
305.4 
317.2 
360.2 
332.6 
312.1 
304.1 
306.5 
317.0 
310.2 
304.7 
305.5 
309.0 
312.5 
345.3 
329.5 
314.7 
307.2 
307.9 
311.0 
317.7 
355.5 
3 2 0 . 6  
313.3 
309.7 
300.2 
306.7 
348.1 
319.7 
313.1 
300.9 
307.2 
305.9 
341.0 
315.6 
300.9 
306.9 
306.0 
337.7 
300.0 
313.2 
316.1 
312.5 
300.6 
307.2 
306.7 
334.4 
311.0 
307.6 
306.7 
333.1 
310.5 
307.5 
309.3 
313.0 
317.2 
329.0 
319.7 
311.0 
302.5 
304.5 
310.7 

h 

(3 
530.2 
504.4 
413.2 
342.1 
201.1 
262.9 
264.0 
209.3 
129.6 
43.5 
29.3 
50.1 

454.6 
225.0 

06.3 
30.5 
27.2 
68.9 
06.5 
42.4 
30.0 
31.6 
35.5 

342.6 
219.6 
102.4 

53.0 
42.6 
41.9 
67.0 

422.0 
199.0 

94.7 
65.6 
50.2 
46.4 

360.4 
141.0 

92.7 
64.7 
53.7 
43.0 

276.9 
100.7 
50.0 
49.9 
45.0 

242.7 
47.6 
41.4 
50.1 
96.5 
67.7 
56.3 
51.3 

229.4 
93.5 
63.2 
52.3 

205.6 
94.9 
63.0 
54.3 
40.0 
72.0 

190.2 
156.1 
114.7 

27.1 
21.0 
25.8 

~~ - 

Nst 

- 0 0 7 4 5 1  
.OC?C07 
,005006 
sOC4EC7 
SO 0'9 50 
-003 C 94 
-0C3710 
-0C2542 
.001021 
.OCCC11 
.OOC412 

.OCt300 
- 0 0 3 1 6 2  

.oao7c4 

.oc1212 

.OCO428 

.occaf!z 
.OCli16 
.COO596 
.OCC421 
-0OC443 
.occ499 
-0C4014 
.OC3C06 
.001440 
.OCC757 
,000599 
.OCC509 
-0OC553 
aOC5530 
.0020C0 
.001331 
.oca922 
.ocoe10 
.OOCC52 
,005C64 
. c c i s e 2  . OC 1303 
.COCSC9 
.OCOl54 

- 0 0 3 0 9 1  
. oaa t c 4  

.OC1520 

.000015 

.OCC7CZ 
- 0 0 0 t 4 4  
e 0 0 2 4 1 0  
.000t69 
. o o c 5 e i  
-0OC 0 17 
i o 0 1 3 5 7  
.OCCS51 
.oca791 
- 0 0 0 7 2 1  
;co.224 
.@C1114 
. 0 0 0 8 0 8  
.OCC?35 
. 0 0 2 0 0 9  
e 0 0 1 3 3 4  

.OOCiC3 

.OOC574 

.001023 

-0C2193 

. ooa 885 

.ca2785 

.OCl6ll  

.OOC301 

.PO0296 

. o c c 3 t 3  

Te 
Tt 
- 

- 9 0 1 0 5  
- 9 7 0 6 0  
- 9 7 6 0 4  
- 9 7 3 9 2  
-96900 

96943 
- 9 5 9 1 6  
- 9 3 5 0 4  
- 9 1 9 5 4  
- 9 2 6 2 0  
e93197 
- 9 4 0 0 6  
e 9 6 9 1 3  
- 9 3 0 4 1  
- 9 2 7 7 0  
- 9 2 4 4 0  
- 9 3 2 7 2  
- 9 5 0 7 0  
- 9 5 3 2 5  
- 9 2 5 0 0  
- 9 2 9 5 7  
- 9 4 1 5 6  
- 9 3 9 6 9  
.95534 
- 9 4 0 3 6  
- 9 3 1 9 7  
- 9 2 7 1 0  
-93070 
e 9 4 2 0 1  
e 9 3 0 1 9  
- 9 6 8 3 8  
.94343 
.93557 
- 9 3 3 0 2  
- 9 3 0 7 7  
- 9 3 1 1 5  
.95939 
- 9 3 9 7 6  
-93677 
- 9 3 3 6 9  
- 9 3 3 3 2  
.933&1 
- 9 5 6 6 9  
- 9 3 0 4 1  
.?3557 
- 9 3 4 1 4  
- 9 3 3 2 4  
.95474 
- 9 3 7 5  1 
- 9 5 1 5 2  
- 9 4 0 6 0  
- 9 3 4 0 2  
.93444 
.93347 
- 9 3 3 0 2  
- 9 5 3 9 2  
,93377 
e 9 3 2 6 4  
,93212 
,95265 
- 9 2 7 1 0  
.?2802 
- 9 4 0 6 6  
,94755 
.94545 
.94373 
- 9 2 9 1 2  
-92140 

92023 
,94703 
,94000 

T,, 

365.0 

356.2 
351.1 
345.9 
345.5 
341.4 
327.3 
316.7 
307.1 
305.2 
306.9 

330.2 
310.2 
305.1 
305.4 
317.5 
310.3 
307.0 
300.0 
310.0 
309.7 
345.5 
329.0 
316.5 
309.7 
309.9 
314.0 
315.3 
356.2 
336.5 
320.0 
312.6 
311.3 
309.5 
340.5 
332.4 
320.1 
314.9 
313.0 
313.7 
342.4 
323.4 
315.5 
313.2 
309.9 
339.3 
311.7 
316.4 
316.9 
324.2 
315.7 
313.0 
310.5 
336.0 
319.2 
314.5 
315.6 
334.6 
314.1 
311.3 
315.1 
310.0 
326.6 
331.3 
321.3 

307.0 
312.6 
320.0 

360.9 

358.4 

317.8 

h 

(a) 
553.0 
499.5 
410.6 
340.3 
207.3 
270.1 
274.5 
214.4 
120.6 
41.6 
26.0 
19.7 

467.2 
226.6 

04.4 
29.2 
10.5 
57.3 
64.6 
40.7 
37.7 
30.9 
20.7 

355.7 
235.2 
117.4 

70.3 
50.3 
56.0 
72.6 

452.7 
225.6 
107.9 

79.7 
73.9 
60.3 

301.0 
164.6 
103.9 

76.6 
65.1 
56.8 

3C9.7 
122.9 

70.5 
62.9 
50.6 

270.0 
57.5 
47.0 
51.0 

115.9 
00.0 
69.9 
64.2 

251.7 
106.2 
75.5 
67.6 

226.5 
111.9 
76.1 
64.7 
63.6 
97.0 

222.3 
174.1 
126.9 
38.9 
32.7 
03.1 

NSt 

.007761 
00700C 

.005754 
-004765 
.004021 
-003705 
-003047 
.003004 . c01002 
.000583 
.000364 
.000275 
.006547 
-003175 

.000409 

.000260 

.000003 

.000906 

.000602 
. 0 0 0 5 2 0  
.COO432 
.000402 

.C0329E 

.C01645 

.000906 . coo010 

.000796 

.COlO18 
-006344 

003161 
.001512 
.001117 

.000046 

.002306 
-001456 
.001074 
.000912 
-000796 
-004340 

OC1723 . OC09P7 
. O O O P 8 2  
.000821 
-003794 
.00000c 
.000670 
.000714 
-00 1624 
- 0 0 1  132 
.000?79 
. C O C B q Q  
. 0 0 3 5 2 8  
- 0 0 1 4 0 0  
.001057 
-000948 
.PO3174 
.001560 
,001066 
.000907 
.00@092 
.001359 
.003116 
-002440 
.CO1770 
-000545 
- 0 0 0 4 5 8  
.001165 

.a01183 

.oa4984 

.oaio35 

.a05351 

a h measuredin J/m2-sec-% 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
17 
13 
1 4  
1 5  
16 
17 
18  
19 
20  
21 
2 2  
2 3  
2 4  
2 5  
26 
27 
2 8  
2 9  
30 
3 1  
32 
33 
3 4  
3 5  
36 
'37 
38 
39 
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
46  
4 7  
4 8  
4 9  

51  
5 2  
53  
5 4  
55 
56 
57 
58  
59 
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  

a h  

5n 

TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X lo6 - Continued 

= 5'; T, = 390' K; pt = 277.7 H / m 2  

- 9 7 0 7 1  
.97699 
- 9 7 5 4 2  
- 9 7 2 4 9  - 96851 
* 96814 
- 9 5 8 0 4  
- 9 3 4 1 9  
- 9 1 8 7 3  
- 9 2 5 3 4  
- 9 3 2 4 8  
-95306 
-96822 
- 9 3 7 6 0  
- 9 2 7 0 5  
- 9 2 3 3 4  
- 9 3 2 5 5  - 94764 
-94429 
- 9 2 3 4 1  
- 9 2 7 2 0  
.93775 
- 9 3 0 3 2  
-95796 . 94295 - 93440 
- 9 2 9 0 6  
- 9 3 1 2 1  
- 9 4 0 2 0  
-93136 
- 9 7 1 2 7  
-94016 
- 9 4 0 7 3  
- 9 3 8 0 5  
- 9 3 5 0 8  - 93523 
-96406 - 94503 - 94243 
- 9 3 9 1 6  
- 9 3 0 9 4  
-93916 - 96079 
- 9 4 5 0 3  
- 9 4 1 9 1  
-94050 - 93902 
-95923 . ~ ~~ - 94325 
-95350 
- 9 5 1 2 0  
- 9 4 0 7 3  
-94058 
- 9 4 0 0 6  
.93879 
- 9 5 8 0 4  
-94050 
- 9 3 9 3 1  
.93879 
- 9 5 7 0 7  
.93337 
-93426 
.94533 
- 9 5 0 3 8  
-94830 
.94778 
-93285 
-92505 
-93077 - 95061 
.94749 

asured in 

T,, "K 

367.4 
363.9 
359.6 
354.5 
349.2 
340.7 
344.3 
330.1 
315.0 
307.5 
308.4 
310.3 
361.2 
332.9 
317.6 
3 0 8 . 0  
30R. 4 
320.O 
321.0 
309.0 
398.1 
312.0 
309.3 
351.2 
335.7 
322.4 
315.8 
314.7 
310.5 
321.6 
362.1 
338.1 
323.2 
31O.7 
318.2 
316.1 
356.1 
335.4 
327.7 
3 1 E a 7  
317.2 
315.9 
349.8 
326.R 
319.6 
317.5 
3 1  6.5 
346.7 
318.1 
321.0 
320.5 
323.7 
319.9 
310.2 
317.1 
343.0 
322.8 
310.9 
317.4 
341.5 
321.3 
310.0 
320.3 
321.4 
324.6 
337.0 
327.4 
319.3 
311.6 
318.3 
326.0 

;/m2-se 

h 
(a) 

625.4 
559.4 
459.0 
374. E 
314.1 
292.7 
295.1 
225.9 
136.5 
42.5 
30.2 
46,. 1 

5 13.9 
235.1 

@ E .  1 
34.0 
26.0 
68.5 
84. t 
61.5 
44.2 
36.5 
34. 0 

406.9 
270.7 
142.1 

93.0 
74.9 
74.7 
85.1 

531.5 
270.7 
137.2 
102.3 

96.5 
80.5 

459.5 
196.0 
132.5 
90.P 

72.8 
371.8 
156.4 

91.2 
R0.6 
75.3 

323.0 
72.3 
61.6 
57.8 

141.6 
105.7 

90.1 
80.6 

300.5 
134.6 

97.0 
82.5  

266.4 
137.1 
95.3 
75.6 
65.5 
91.9 

257.1 
201.0 
140.2 

54.1 
46.9 

123. 0 

e5.7 

)K 

NSt 

.000031 
OC7899 

-006491 
.@05293 
-0 044 36 
-004134 
-004167 
.003190 
~ O C 1 9 2 0  
-000599 
.000426 
.000651 . ~ .  .~.. 
- 0 0 7 2 5 7  
-003320 
a001243 
.COO480 
- 0 0 0 3 6 7  
.000@67 .... . 
.001195 
.000R68 
.00062C 
- 0 0 0 5  15 
e000492 
-005746 
moo3022 
.002007 
.@01313 
.001050 
.001054 
.001201 
.007506 
.@03823  
.001930 
- 0 0 1 4 4 5  
e001363 
.001137 
,006488 
-002767 
.CO1872 
-001396 
.00121c 
.001028 
.005250 
.002209 
.001200 
.00113R 
.001064 . .  
- 0 0 4 5 7 3  
.oo 102 1 
.000870 
.000816 
.002000 
- 0 0 1 4 9 3  
-001273 
-00 1139 
-004244 
.@01900 
.001369 
- 0 0 1  165 
.I303762 
-001936 
-001346 
a001067 
.000924 
- 0 0 1 2 9 8  
-003631 
aC02839 
.002092 
- 0 0 0 7 6 4  
-000663 
- 0 0 1 7 4 9  

(d) a = -5' - Concluded 

p = 10'; T = 386' K; pt = 276.7 kN/m2 
W 

-97467 
- 9 7 2 7 4  
- 9 7 1 3 1  
- 9 6 0 6 1  
- 9 6 4 4 5  
-96415 
- 9 5 4 3 6  
- 9 3 0 6 1  
-91518 
-91809 
- 9 3 6 7 0  
- 9 4 1 7 4  
a 96497 
- 9 3 4 6 2  
- 9 2 3 4 1  
- 9 1 8 0 3  
- 9 2 4 9 7  
- 9 4 0 4 1  

93299 
-91941 
- 9 1  963  
- 9 2 4 5 3  
- 9 1 6 7 4  
.95799 
- 9 4 2 7 1  
-93440 
- 9 2 0 5 3  
- 9 2 8 9 1  
-93299 
- 9 2 2 3 8  
.97195 
- 9 5 0 5 0  
- 9 4 3 5 2  
-94093 
- 9 3 0 0 3  
-93729 
- 9 6 6 2 3  
-94909 
.94597 
- 9 4 3 5 2  
- 9 4 2 9 3  
- 9 4 2 7 1  

96334 
- 9 4 9 0 9  
-94627 
.94493 
-94352 
~ 9 6 1 5 6  
-94716 
- 9 5 3 0 2  
.94783 
- 9 4 5 6 0  
.94545 
-9445 6 
.94389 
-96015 
- 9 4 5 3 0  
.94397 
- 9 4 3 2 3  
- 9 5 0 8 8  
.93833 
-93826 
- 9 4 7 6 8  
- 9 5  169 
- 9 4 8 6 4  
-94976 
.93447 
- 9 2 6 3 1  
- 9 2 9 5 7  
- 9 4 8 1 2  
- 9 4 4 1 2  

Tw, OK 

361.2 
357.4 
353.6 
340.8 
343.9 
343.5 
339.3 
325.9 
312.1 
305.3 
313.6 
319.5 
355.6 
329.2 
311.8 
305.3 
306.3 
314.2 
316.6 
307.8 
396.3 
307.4 
394.7 
348.3 
333.8 
322.4 
316.8 
314.9 
316.9 
314.8 
359.1 
337.9 
324.5 
321.6 
320.3 
317.9 
354.1 
330.0 
32% 6 
320. 8 
319.3 
318.0 
348.4 
328.1 
321.4 
319.4 
318.6 
345.5 
320.1 
321.9 
321.5 
325.4 
321.8 
320.1 
319.1 
341.9 
324.6 
320.8 
319.3 
340.5 
322.9 
319.7 
321.7 
323 .8  
327.6 
336.6 
326.8 
319.1 
312.3 
320.2 
325.6 

h 
(4 

507.9 
464.5 
390.3 
324.7 
275.3 
258.9 
261.1 
204.1 
117.2 
40.3 
46.2 
94.2 

437.4 
217.7 

75.0 
33.0 
27.0 
37.4 
82.4 
61.4 
46.6 
43.9 
40.4 

376.9 
260.2 
140.3 
106.9 

85.9 
87.4 
95.2 

475.6 
266.4 
144.3 
114.4 
110.4 
92.4 

421.5 
180.4 
130.1 
106.4 
93.7 
01.4 

351.1 
160.8 
97.0 
86.1 
02.7 

310.0 
80.0 
69.1 
67.4 

146.2 
111.9 

96.3 
06.9 

206.0 
134.5 
104.4 

88.0  
2 5 0 . 5  
14Z0 8 
101.8 
00.9 
81.3 

138.5 
248.2 
190.6 
147.8 
61.2 
68.3 

142.7 

NSt 

.0045@3 
- 0 0 3 8 8 6  
.003654 
.c03te5  . o c  i eeo 
. C o l t 5 5  
.OCC56B 
.oooc52 . OC1330 
- 0 0 6 1 7 3  
.0C3073 
.001C59 
mOCC466 
.OCO392 
.OCC 5 27 
.CO1163 
.CCCe66 
.000t57 
. O C C C 2 O  
.OCO571 
.OC5321 
- 0 0 3 t 7 2  

OCECS3 
.C01509 
.OC1213 
.001233 
-00 1344 
aOCt713 
-0C3760 
-002C36 
.OOlt15 
.001559 
.001304 
. a 0 5 5 4 8  
.OCit59 
. 0 0 1 0 3 5  
.a01502 

C O  1323 
.OC1148 
.0C4555 . O C 2  2 69 
-0C1369 
e 0 0 1 2 1 5  
-0C1167 
-0 C 4  376 
-00 1129 
.occ975 
. o c c s 5 1  
.0020t4  . oc 1579 
.0C1358 
.001226 
-004C47 
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Therm( 
couple 

a000376 
__ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
20 
21 
22 
73 
24 
25 
26 
27 
28 
79 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4 8  
49 
50 
51 
52 
53 
54 
55 
56 
57 
5R 
S? 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 - 

TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

-98151 
9818L 

-9804; 
.97747 
-9742C 
-9745f 
-9650C 
-94127 
e 92615 
-93081 - 93566 
-94097 
-96855 
-93708 
-92661 
-92353 
.93843 
.95354 
.95736 
-92368 
,93147 
-94292 - 94209 
-95452 
-93940 
-93079 
-92593 
-92900 
-93805 
.93858 
.96904 
-94419 
-93596 
-93304 
-92997 
-92944 
.9h110 
-94112 
.93790 
-93431 
.93341 
-93304 
-95916 
-94015 
-93693 - 93513 
-93386 
.95759 
-43790 
-95093 . 95033 
-93670 
-93640 
-93521 
.93438 
-95729 
-93640 
.93498 
-93423 
-95706 
-93042 
e93064 
193805 
.95145 
-95010 
e94868 
93446 

-921  12 
-93117 
.93895 
-94905 

- 
T,, 
__ 
368.7 
366.7 
356.0 
350.9 
346.1 
346.0 
342.0 
328.6 
319.P 
307.7 
307.4 

361.0 
326.1 
311.4 
303.5 
308.3 
317.0 
317.6 
305.2 
305.5 
307.5 
308.0 
342.1 
326.3 
313. h 
308.2 

308.3 

308.17 
311.1 
319.6 
3b0.2 
32R.5 
319.2 
312.2 
310.5 
30R.6 
347.1 
326.7 
319.7 
311.8 
31n.4 
309.3 
341.8 
322.9 
312.4 
310.6 
309.9 
338.9 
311.5 
316.1 
318.7 
32@.@ 
315.6 
311.@ 
310.3 
335-8 
319.3 
314.6 
310.5 
334.8 
314.3 
311.0 
312.2 
315.8 
317.7 
331.8 
322.2 
314.9 
307.1 
308.1 
312.0 

h 
(a) 

611.3 
559.9 
426.9 
352.2 
296. E 

283.2 
224.4 
140.5 
50.8 
34.4 
29.2 

499.0 
206.6 
67.1 
23.7 
24.7 
51.1 
53.4 
39.3 
25.2 
20.3 
19.8 

343.8 
219.5 
105.7 
6h.5 
53.6 
58.5 
54.0 

491. R 
21507 
108.8 
BO. 5 
74.3 
60. R 

386.8 
159.1 
106- 2 
74.0 
68.4 
57.9 

3 18. 0 
125.9 
72.0 
64.1 
60.7 

278.7 
58.4 
50.9 
71.6 
112.7 
82.0 
69.7 
63.8 

2 5 8 . 2  
lC8.8 
77.3 
65.2 

232.1 
112.8 
76.1 
61.6 
42.5 
61.5 

228.4 
179.5 
131.2 
42.3 
32.5 
26.7 

280.0 

.008610 
0078 85 
.006013 
.@04961 
. O C 4 1 8 0  
-003944 
-003589  
.003161 
-001979 
.000716 
.00@485 
.GO0411 
-007028 
.002910 
-000945 
.000334 
-000348 .~ 
.@00720 
-000752 
.PO0553 
-000354 
-000286 
e000278 
-0C4842 
.003092 
.@01489 
-000937 
m 000755 
-000823 
-00076 1 
e006927 
.003038 
-001532 
-001133 
moo1047 
-000857 
.005448 
o 002227 
e 0 0  1496 
.001113 
.000064 

.001013 

.OOP903 

. C O O 8 5 5  
~003926 
.000822 
.000717 
-001 009 
-001587 
e001155 
.000981 
.00089R 
-003637 
-001533 
.001089 
.000919 
-003269 
-001588 
e001071 
~000867 
.0005?9 
.'.lo0866 
-003217 
.002528 
.001@48 
-000596 
-000457 

NSt 
Te 
Tt 

a h measured in J/m2-sec-% 
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

209.7 
99.0 
61.0 
49.1 
47.8 
52.1 

440.2 

rherm 
COUPlt 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
16  
1 7  
18 
19 
?fl 
21 
22 
23 
2 4  
25 
26 
27 
2R 
2 9  
30 
31 
32 
33  
34  
3 5  
36  
3 7  
38 
39 
40 
L1  
4 2  
4 3  
44  
45 
46 
47 
4 0  
49 
50  
5 1  
5 7  
5 3  
5 4  
55 
56  
57 
5 8  
59  
6 0  
61  
62 
63 
64  
6 5  
66 
67 
60  
6 9  
70 
71 

a h  

.002051 

. C 0 1 4 0 5  
.COO069 
.000691 
.000673 
-000733 
-006105  

.90266 
-90464 
-90266 
.98020 
.97765 
-97017 
-96789 
-94527 
-93115 
-93102 
-94046 
.95338 
-96773  

226.0 
179.3 
134.9 
46.3 
35.2 
28.7 

~~ 

-93671 
-92657 
-92446 
-94009 

.003181 

.002522 

. 0 0 1 8 S 0  
-000651 
-000495 
.000404 

-92769 
-92957 
.92544 
.93573 
.94474 
-94429 
.94843 
.93483 

92747 
.92567 
-932  13 
-94227 
- 9 4 5 0 5  - 96232 
-93633 
-92942 
-92702 
-92409  

92446 - 95406 
-93228 
-92852 
.92559 
. 9 2 4 9 1  
-92469 
.95060 
.92995 
.92664 
.92404 
-92326 
.94948 
.92777 
-93776 
-94805 

92567 
-92476 
-92386 - 92326 
.94993 
-92521  
-92259 
-92251  - 94970 

91943 - 91943 
-92502 
-93403 
-94760 
-94189 - 92920 
-92259  
-92567 
.93243 
.95075 

asured in 

T,, 'K  

359.3 
357.7 
353.4 
348.4 
344.0 
343.9 
339.0 
327.4 
31O.3 
307.0 
3 1 0 ~ 6  
321.0 
350.3 
321.9 
108.0 
30% 2 
30P - 8  
309.4 
309.4 
302. 8 
304.2 
31 0.7 
308.0 
3330 2 
324.0 
309.4 
306.4 
304.0 

309.7 
31.L. e 
324.0 
310.5 
307.6 
303.6 
303.7 
337.8 
316.@ 
309.0 
306.3 
3 0 4 . 8  
3Q3.7 
131.9 
312.4 
303.9 
304.2 
313.6 
329.3 
303.9 
305.0 
308- 8 
309.0 
303.0 
304.4 
3C4.1 
327.0 
309.3 
305.4 
304.2 
326.4 
300.0 
302.6 
303.3 
305.6 
313-5 
323.7 
315.n 
312.6 
304.9 
305.2 
317.7 

307.0 

/ m2- sec 

h 
(a) 

405.1 
461. b 
3 06.7 
319.7 
273.0 
257.4 
263.3 
212.4 
131.6 

52.2 
44.8 

111.4 
396.1 
170.4 
55.1 
23. 8 
35.3 
70.3 
67.7 
25.6 
17.1 
20.1 
33.9 

269.2 
l6h.6 

64.0 
36.9 
23.5 
29.6 
34.4 

354.1 
151.7 

65.9 
50.1 
43.9 
31.5 

290.3 
99.1 
63.2 
47.3 
30.8 
31.4 

244.7 
76.4 
35.0 
34.5. 
33.7 

214.2 
35.0 
25.6 
15. 3 
69.1 
42.5 
30.0 
37. 6 

200.1 
67.5 
47.0 
39.1 

102.5 
72.5 
47.9 
27.1 
18.4 
54.3 

102.0 
130.6 

90.0 
34.0 
27.9 
70 .4  

'K 

Nst 

.Cob006 
0 0 6476 

.005425 
-004406 
,003831 
a003611 
.003694 
,002979 
.001047 
-000732  
-0OC629 
-001604 
io05557  
. 0 0 2 5 0 2  
-000773 
-000334 
-000495 
.COO987 
.000945 
.PO0360 - 0 00240 
. O O O ~ Q +  
-000476 
-003776 .~ 
0002309  
. 0 0 0 8 9 0  
.000517 
.000330 
.000416 
.000403 
rOC4960 
.002120 

GO0925 
.000702 
.COC616 
.000L42 

@04184 
.00139@ 
.COO087 
.000663 
.00@544 
.00@441 
-003434 
.0@1072 
.000503 
.00@L84 
.COO473 
.003005 
.000503 
.000359 
.00021n 
.000969 
-0OC597 
-000544 
.000520 
e002007 
.00@$47 
-000650 
e000549 
.002560 
.001017 

000673 
.000381 
.000258 
a000761 
.002554 
-001944 
-001374 
.000480 
-000392 
.90110@ 

(0 o! = 0' 

p = -5'; T = 390' K; pt = 279.9 kN/m2 
W 

- 
- 9 8 1 4 0  
.90344 
-90177 
-97005  
-97637 
-97712  
-96674 
-94388  
-92899 
-93095  
.93403 
.94599 
-96674 
-93406  
-92456 
-92177  
-93930 - 93591 
-93095 
-92237 
-93200  
-94050  
-94253  
-95028 ~~ 

.93554 
-92689 
-92320  
-92741  
-93606  
-93069 
-96479  
-93922 
-93  095 
-92779  
.92308 
-92358  
,95734 
-93516  
-93140 
-92749  
-92659 
-92606 
-95426  
-93396 
-93027  
-92809  
-92503  
-95304 
-92952  
-93802 
.94779 
. 9 2 ~ 3 7  - 92 077 
-92779 
-92659  
.95351 
,92959  
-92726 
-92674  
.95366 
-92403 
-92350  
-92952 
,93396 
-94230 
-94546 . .  
-93185 
,92486 
-92719 
-93140 
-94764  

Tw, 'K 

364 .3  
363.5 
359.0 
354.9 
350.2 
350.1 
345.9 
332.6 
310.2 
300.0 
307.5 
312.3 
355.6 
327.1 
310.7 
302.7 
308.0 
312.0 
312.6 
303.0 
304.3 

308.2 
341.2 
325.3 
310.6 
305.3 
305.2 
300.5 
309.6 
353.1 
326.8 
316.0 
309.1 
306.8 
305.1 
347.2 
319.2 
316.2 
308.4 
306.7 
305.6 
341.4 
319.7 
311.1 
306.9 
305.9 
338.6 
307.3 
308.4 
311.3 
316.5 
311.4 
307.2 
306.5 
335.0 
316.0 
300.2 
306.5 
335.0 
311.3 
307.5 
306.7 
306.2 
300.4 
331.8 
322.2 
316.7 
305.4 
305.1 
312.4 

3n0. 2 

425.0 
423. 5 
357.7 
307.7 
265.0 
249.6 
253.9 
209.6 
139.5 

54.2 
30.5 
34.4 

353.0 
182.7 

63.7 
23.1 
32.2 
54.0 
71. 8 ~. 
29.0 
21.1 
27.4 
23.5 

277.4 
183.1 

03.0 
47.7 
36. 6 
30.2 
39.0 

346. I 
170.5 

06.0 
62.9 
55.9 
4 5 . 1  ~~ 

311.2 
134.0 

80.0 
63.3 
53.3 
46.0 

261. 1 
105.1 

55.9 
5 0 . 9  
47.7 

231.2 
45.6 
35.1 
25.3 
94.6 
44.8 
55.7 
50.7 

221.7 
91.9 
63. 3 
51.1 

199.6 
93.4 
61.0 
4 2 . 0  
20.7 
20.0 

194.0 
156.9 
110.1 
30.7 
30.5 
29.0 

NSt 

-005552 
.OC5S30 . c o s o o 9  
-004309 

O C  27 22 
eC03455 
.OC3E56 
-002936 
a001953 
-000759 
.00CS39 
.00C432 
-0C4554 
~ 0 0 2 5 5 8  
.OCC852 
.COO323 
aOCC452 
.@C0757 
.@ClC05 
-0004 17 
aOCC295 
.OCC303 
.@00329 
a 0 0 3  0 0 4  
-002564  
. 0 0 1 1 t 2  
.000669 
.0@0513 
aOC0535 
-0 C 0 E 4 6 
-004147 
.0C2457 
.col i15 

.@I20783 

.ocobaz 

. o c c e s i  

.0C4?58 

.001887 

.P012?3  

.000887 

.OCCi47 

.COO644 
.@C3t56  
.C01472 
.OCC783 
.OC0712 
.OCOt68 
.OCli?B 
. @ O O t 3 8  
. @ 0 C 4 S Z  
-000355  
-001 3 24 
.@C0900 
.OCC780 

.000716 
-002795  . -  
.0@1300 
. 0 0 0 € 5 4  
. occ599  
.00C492 
.0CCi91 
-002728  
sOC2197 

Of0 542 
. o c c 4 i 7  

. c o l e 5 4  

aOC0406 

0 = 0'; Tw = 391' K; pt = 279.0 kN/m2 

Te 
Tt 
- 

-90070  
-90250  
-96  150 
,97856 
-97620  
-97684  
- 0 6 7 1 5  
-94404  
-92928  
,93449 
- 9 4 0 3 0  
,94635 
-06693  
-93509 
,92517  
192324  
-94501  
,95470 
-95753  
-92294  
-93502  
a Q 4 5 2 3  
-94635 
-95306  
-93792 
-92550  
-92406  
m92950 
-93964 
-93906  
-96857 
~ ~ 4 3 0 1  
-93569  
-93218  

-92816  
.Ob126 
-94090 
a 93770 
-93420 
-93300  
*93278 
.95977 
-94046  
.93718 
-93569  
.93397 
-95850  
.93867 
-94970  
-95261  
-93725  
.?3695 
.93599 
-93502  

-93748  
-93591  
.93494 
.95000 
-93159  
-93129  
-93000  
.94575 
.95395 
-95060  
-93666  
,92980 
-93367  
-93971  
-94709  

.92e75 

. 9 5 e w  

T,, 

371.6 
370.0 
374.0 
356.6 
351.0 
351.7 
347.3 
334.1 
319.7 
311.6 
311.5 
312.6 
360.5 
320.4 
309.4 
303.5 
311.6 
317.2 
319.2 
304.5 

309.5 
309.4 
350.9 
320.9 
315.3 
309.2 
309.6 
312.9 
315.5 
363.3 
332.2 
310.1 
314.5 
312.5 
310.6 
357.7 
325.0 
310.7 
314.4 
312.8 
311.5 
346.0 
321.8 
315.1 
313.1 
312.2 
344.0 
314.0 
316.7 
310.3 
319.1 
315.2 
313.6 
312.9 
341.0 
3 1 0 . 0  
314.5 
313.0 
339.9 
317.6 
313.6 
313.7 
314.4 
316.7 
336.7 
326.0 
319.4 
310.5 
310.4 
311.0 

3n7.6 

~ 

279.2 I . 0 0 3 9 2 0  
226.0 .CO31S1 ~~ . 
145.3 .002046 

55.2 1 1000776 
39.5 .000555 
34.7 .000L80 

302.7 .005305 
195.3 I .PO2749 .~ 
58.0 .000020 :::: I .000290 

.@00420 
37.1 .000523 
47.1 1 -000663 
33.7 .COO475 
22.7 .000310 

16.7 .000235 
336.4 . C04734 

10.9 1 .coo200 

61.0 . 0 0 0 8 5 6  
393.0 I -005529  .~ 
159.5 .0022L4 
104.1 .001465 

79.9 I .001125 
69.3 .000976 

313.5 .004412 
127.2 .00178? 
73.2 I .001030 

60.0 . 0 0 0 8 5 5  
64.3 . roo905 

277.3 I .C03°02 
5 8 . 2  -000819 
4 5  1 .000634 
4118 1 . 0 0 0 5 8 8  

114.0 .001605 
79.6 .CO112C 
70.2 I .000900 

259.6 .003652 
110.3 -001552 
77.2 64-2 I .001006 

112.5 001502 . CO1061 I .000019 
4C.9 .000575 
32.1 .000452 
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TABLE IS.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(f) CY = 0' - Concluded 

I 

Thermo.  
couple 

1 
2 
3 
4 
5 
6 

R 
9 
10 
11 
12  
13 
1 4  
1 5  
1 6  
17 
10  
19 
20 
21 
2 2  
23 
24 
25 
25  
27 
2 8  
29 
30  
31 
32 
3 3  
3 4  
35 
3 6  
37 
3 R  
3 9  
4 0  
4 1  
42 
4 3  
44 
45  
4 6  
47 
48 
49 
50 
5 1  
52 
53  
5 4  
55  
56  
57  
E8 
59  
60  
61 
62  
63 
6 4  
65 
66 
67  
60 
6 9  
7 0  
71 

~ 

Te 
T t  
- 

.90240 
-98463  
-90348 
-98054 
.97774 
.97838 
-96075 
-94406 
.92873 
-92760 
-93030 - 93276 
-96801  
-93425 - 92106 
.91640 
.93545 
-94426 
.94949 
-91648 
-92469 
a 92962 
-93291  
-95302  

93746 
,92723  
-91947 
-92156 
-92843 
-93231  
-96980 
-94321  
-93300  
-92910 
-92514  
m92320 
-96263 
-94023 
-93619  
-93149 
-92925 

92R20 
-96061 
.93926 
-93463 
a931  06 
-92925 
.95957 
-93350 
.94784 
-94740  - 93590 
-93440  
-93290 
-93067 
-95907 
-93590 
-93298 
-93149 
.95979 
-92977 
-92028  
-93351  
-94607 
-94769 
-95113  
-93b64 
-92065 
-92b79 
-93112 
-93366 _ -  

T,, OK 

376.3 
376.4 
363.G 
350.1 
353.3 
353.3 
349.0 
335. fl 
321.2 
310.9 
300.0 
309.7 
369.C 

313.6 
304.2 
310.3 
316.2 
310.2 
305.5 
306.0 
307.0 
307.9 
359.3 
330.4 
316.1 
309.2 
300.5 
311.2 
312.3 
369.4 
333.7 
319.3 
315.1 
312.8 
310.6 
353.2 
326.7 
319.9 
315.3 
313.2 
311.6 
348.2 
323.2 
315.9 
31306  
31 2r 4 
345.6 
314.3 
317.7 
323.0 
320.5 
316.1 
314.3 
31303 
342.7 
320.0 
315.2 
313.5 
341.6 
310.6 
314.2 
313.7 
316.2 
317.1 
330.2 
32R.3 
320.7 
309.0 
309.0 
309.1 

329.e 

h 
(4 

658.f 
614.1 
557.! 
451. I 
371.: 
349.1 
347.f 
278.( 
170.1 

66.' 
40.' 
43.f 

502.' 
239.: 

01. i 
29.1 
38.: 
51.1 
67. i 
44.1 
31.C 

26.2 
371. C 
255.; 
121.2 

74.z 
59. f 
60. t 
55.1 

509. i 
262.2 
131.5  
87. c 
88.2 
73.: 

483.1 
196.1 
133.0 

97. E 
84.? 
72.6 

397.7 
156.1 
BO.C 

74.4 
3.5?.0 
72.6 
51.0 
70.3 

139.7 
101.6 

05.7 
70.5 
322.6 
135.7 

94.1 
70.3 

207.3 
136.3 

PO. 1 
69.0 
43.a 
42.3 

278.1 
217.3 
164.9 

57.1 
43.2 
36.0 

31. r 

7e.2 

Nst 

-008355 
-007789 
et707067 
.@05731 
-0047 1 C 
.004420 
.00440? 
~ 0 0 3 5 2 7  
-002261 
.COO049 
.OCO620 
. O O O F S 3  
-006376 
.CO3@30 
.001029 
-000369 
.000409 
- 0 0 0 t 5 2  
-000859 
~ 0 0 0 5 6 3  
.GO0393 
.000393 
-0 0 0 3 3 3 

.003237 
-001530 
-000942 
.@00758 
.@e0769 
.@00707 

no6461 
.003327 

.GO1231 

.@01119 
-000937 
-006135 
.002495 
-001694 
.@01241 
.001070 
.000921 
a005045 
0001900 
.001117 
0000991 
.GO0944 
.004414 
,000921 
-000647 
moo0994 
.OO 1772 
.001200 
.r)01007 
a000996 
~ 0 0 4 0 9 3  
.@01722 
.001193 
moo0993 
-003644 
.001729 
.001143 
.000875 
.000550 
-000537 
.003520 
.@02757 
.002091 
.0@0724 
-000547 

000457 

.0047ie  

. no i67a  

. .. . .  - . 

p = 5'; Tw = 391' K; pt = 279.5 H / m 2  

Te 
T t  
- 

.. 
-97602 
.97767 
.97680 
.97459 
.97175 
-97242 
-96271  
.93994 
-92494  
-92770 
.93108 
.94032 
-96249  
-93106 
.92053 
-91704  
-93725 
.93845 
.93090 
.91695 
.92516 
-93292 
.93407 
.95109 
.93636 
,92740 
.92053 
-92396 

93009 
-93039 
e96772 
-94442 
-93613  
.93270 
-92919 
-92015  
-96189 
.94270 
-93964  
-93501  
-93501  
-93427 
.96070 
.94270 
-93964  
-93785 
.?3621 
-95965 
-93964  
-95122 
-95017 
.93979 
.93949 
-93060  
.93755 
.95 973 
-94032 
.93890 
-93740 
.95973 
-93427  
-93330 
-93045  
-94905 
.95159 
-95107 
.93601 
.92956 
.93113 
-93927 
-95270 
- -_ 

-_ 
T,, OK 

359.3 
357.9 
354.3 
349.4 
344.9 
345.0 
341.1 
320.3 
319.7 
307.7 
307.5 
310.9 
351.2 
320.7 
300.9 
302.0 
300.9 
313.9 
311.6 
301.7 
302.0 
304.0 
305.9 
341.0 
331.6 
317.6 
307.7 
307.0 
310.2 
310.6 
353.0 
336.7 
321.0 
314.2 
312.6 
310.5 
340.4 
329. R 
322.0 
310.0 
316.1 
314.6 
343.0 
326.5 
318-8 
316.4 
312.7 
341.1 
314.3 
317.7 
310.9 
323.6 
315.6 
317.3 
313.3 
344.9 
323.1 
310.3 
313.5 
337.2 
317.6 
313.5 
313.6 
316.2 
317.7 
334.0 
324.6 
322.4 
309.1 
311.1 
317.6 

h 

La) 
556.4 
526.3 
441.9 
361.0 
304. 9 
209.3 
294.0 
234.7 
146.0 

54.9 
40.4 
37.7 

453.0 
201.7 
59.8 
21.6 
33.2 
50.7 
72.4 
34.9 
22.0 
10.2 
17.4 

350.7 
23 1.5 
117.4 

76. 8 
63.5 
65.0 
65.6 

40t .3  
245.1 
125.2 
97.6 
92.9 
77.3 

425.2 
177.0 
122.5 
96.2 
85.4 
74.5 

355.5 
143.9 

07.0 
77. R 
74.9 

311.7 
73.2 
54.8 
63.9 

129.4 
90.0 
05.6 
77.4 

292.4 
125.1 
91.2 
70.6 

259.5 
132.1 
f19.3 
71.5 
49.9 
40.1 

255.7 
202.8 
15 1.2 
53.9 
50.4 
43.7 

NSt 

.OC7E09 

.001306 

. o c c 2 0 1  
-005C78 
.OC4218 
.OC4C6O 
.004125 
-003293  
.OC2C50 
.OCC770 
.000566 
.OCCL20 
.006369 
.OC2831 

eOCC303 
.OCC466 
.@00712 
.001C17 
.00C490 

.oooe40 

.OCC?C0 

.@CO255 
-0CC244 
.00501?3 
.OC3250 
.OClt40 
-0ClC78 
.OCC@91 
.OCOS24 
.o c c 5  20 

.003440 

.001758 

. o o t e ~ 5  

~~ 

.001367 
.001303 
.@01C05 
. O C S S 6 8  
eC02483 

OC1719 
.001350 
.OC1158 
.001045 
-004509 
.00 i019  
.001222 
.@01C52 
.001051 
.004375 
,001027 
-0CC770 
.occe97  
.Co le15  
.I301275 
.001201 . 0OlC 87 
.004104 
.OC1156 
-00 1279 
C01104 

. I 3 0 3 6 4 2  

.OCl@54 

.oo 1253  . ~~ . O C  1003 

.OCC7CO 

.OCC675 
-003588 
.OC2846 
. 0 0 i 1 2 3  
.0C0756 

- 
p = 10'; Tw = 389' K; pt = 211.1 IdrT/mZ 

Te 

T t  
- 
- 

-97521 
,97745 
e97663 
e97411 
-97145 
-97235 
m96282 
-94006 

.92617 
-93704 
.9402? 
-96267 
-93141  
-92079 
e91603 
-934  1 C  
-92737 

.91556 
-92034  
-92460 

91  645 
-95571  
,94000 
-93056  
-92363  
-92558  
-92984  
-92161  
-97224  
-95055  
-94300 
-93964  
-93590  
e93425 
e96020  
-94908 
-94674  
-94360  
-94263  
.Q4100 
-96633  

.94779 
-94614  
-94427 
-96543  
.=4771 
-95639  
-954  29 
,04801  
- 9 4 0 0 1  
e94681 
.94539 
,96536 
,94906  
.94711 
.94547 
-96536 
, 94203  
,94068 
,94502 
,95145  
,95676  
,95639 
~ $ 4 2 0 3  
s 93440 
m93405 
I 95 145 
~ 9 5 3 6 9  

.9255e 

.9246e 

.95oe5 

-~ .- 

T,, OK 

358.7 
357.6 
354.6 
349.9 
345.4 
345.4 
341.3 

315.7 
307.1 
311.9 
323.0 
351.0 
323.7 
306.7 
300.0 
300.0 
311.4 
310.1 
302.1 
303.5 
303.0 
300.6 
344.0 
329.0 
317.3 
311.0 
310.3 
311.7 
310.6 
356.5 
335.5 
322.5 
319.2 
317.4 
314.9 
353.0 
329.7 
323.6 
319.4 
317.8 
316.4 
340.2 
332.6 
320.3 
318.1 
317.3 
345.6 
31R. 5 
320.4 
325.6 
324.5 
320.7 
319.0 
317.0 
342.5 
324.1 
319.9 
318.1 
341.4 
322.5 
310.0 
317.4 
310.0 
326.0 
337.8 
320.5 
321.3 
312.1 
310.5 
327.8 

320. e 

. 

h 

(4 
415.0 
407.4 
356.3 
302.6 
257.9 
242.9 
243.0 
199.7 
132.0 

50.2 
44.7 

111.6 
349.3 
175.0 

55.4 
20.0 
30.1 
65.2 
64.7 
30.7 
29.4 
26.7 
26.9 

309.9 
215.7 
121.7 

0". 7 
70.5 
60.2 
75.9 

391.1 
235.1 
134.4 
105.8 
100.3 

05.4 
365.9 
170.9 
127.3 
104.1 
92.4 
0 0 . 8  

319.6 
151.6 

09.3 
84.2 
01.3 

285.7 
77.2 
59.9 
61. 0 

131.4 
99.9 
91.9 
83.5 

267.6 
127.2 

90.4 
04.0 

240.1 
134.8 

94.0 
76.4 
61.7 
50.0 

232.5 
190.9 
140.0 

61.9 
50.4 

126.0 
- 

Nst  

-005 850 
-005742 
.005022 
-004265 
-003635 
-003424 
-003436 
-002015 
-001  060 

000707 
.COO631 
-001573 
-004523 
.002+70 
.000701 
.000293 

COO424 
.000919 

000511 
.000560 
.000415 - 000377 
a 000379 
s 004369 
-003040 
.001716 
~ 0 0 1 1 9 4  
a000994 
.000962 
~ 0 0 1 0 6 9  
-005513  
-003314 
.001095 
-00 1491 . O O l . 5 l L  
.001203 

005 157 
a002521  
.001704 

C01467 . 00 1303 
a001139 
.004505 
-002136 
.00125e 
.oo 1186 
.0@114t  

004027 . COlC08 
.OOOP44 . OOCe71 
-00 1 P  52 

0014C0 
.001285 
.OC1177 
.003772 
.001793 
.001306 
.001195 

003304 
.001900 
.C@1325 
.001077 
.0@0870 
.000010 . 003277 
.002691 
.OC2097 
.COO073 

000023 
.OO 1776 

. ... . 

a h measured  in J/m2-sec-'% 
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n.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON C L e N  MODEL AT A NOMINAL REYNOLDS NUMJ3ER 

rhermo- 
couple 

1 
z 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15  
16 
17 
I5 
19 
20 
21 
22 
23 
24 
25 
26 
27 
29 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3 8  
39 
40 
41 
47 
49 
44 
45 
46 
47 
4 8  
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
6h 
6 7  
68 
69 
70 
71 

BASED ON MODEL LENGTH OF 3.0 X 10b - Continued 

(9) CY = 2 O  

p = oo; T = 389O K; pt = 275.6 W/m2 
W 

Te 
Tt 

.9e260 

- 

-98032 - 98346 
-98032 
,97833 
-97904 
-96963 
.94747 
-93213 
.93324 
-93643 - 94051 
-96519 
-93265 
-92227 
-92064 
a 94095 
.93784 
-94392 - 91916 
-92909 
-93250 
,93369 
.95133 
-93561 
-92687 
.91975 
-92257 
-92731 
-92701 
-96778 
-94250 
.93354 
-92924 
-92612 - 92405 
-96297 
-94021 
-93665 
,93280 
,93131 
-92998 
.96074 
.94006 
-93606 
.93428 
-93235 
* 95978 
.?3398 
-93621 
* 93902 
* 93784 
-93636 
.93547 - 93391 - 96037 
-93769 
.93487 
.93383 
-96037 
-93198 
-93042 
.93309 
a 93428 
.93843 
-95237 
-93917 
-97146 
-93176 
-93450 
-93902 

a h measuredin 

Tw, OK 

370.5 
370.6 
367.9 
363.0 
358.3 
358.3 
353.9 
341.1 
326.7 
315.6 
314.8 
315.4 
361.4 
332.0 
314.7 
306.9 
314.5 
314.4 
318.0 
307.0 

309.5 
310.1 
349.3 
333.0 
318.1 
310.6 
310.2 
311.5 
310.7 
362.3 
337. fi 
322.2 
317. b 
315.2 
312.8 
358.1 
330.4 
323.3 
318.2 
316.0 
314.4 
353.0 
326.9 
918.7 
316.5 
31 5.4 
350.3 
315.6 
313.6 
313.5 
32R.2 
322.4 
71 7.4 
316.3 
347. s 
323.5 
318.2 
316.2 
346.3 
32200 
316.8 
314.8 

312.9 
342.7 
333.0  
325.2 
314.0 
312.9 
313.5 

309.0 

312.e 

h 
(4 

490.5 
493.4 
437.5 
367.4 
311.1 
291.3 
291.6 
241.9 
163.5 
63.8 
48.9 
44.3 
407.7 
196.6 
68.6 
25.1 
39.5 
40.4 
45.9 
35.5 
29.0 

21.1 
311.4 
214.2 
103.9 
60. R 
48.5 
46.5 
39.9 

409.0 
225.3 
117.5 
84.6 
75.1 
63.1 

376.5 
177.7 
121.8 
R6.6 
73.9 
63.9 
329.6 
142.0 
79.5 
69.7 
66.0 

293.5 
60.5 
45.4 
36.6 
126.2 
91.3 
76.8 
68.2 
279.4 
122.5 

84.8 
69.2 

245.1 
119.7 
78.3 
57.9 
43.1 
34.2 

239.2 
192.5 
150.1 
53.9 
44.2 
37.4 

26.0 

/m2- sec- OK 

Nst 

~006967 
. @ 0 7 0 0 8  
-006213 
-005219 
-004418 
,004137 
.004145 
e003436 
Of22322 

.000906 

.@00695 
-000629 
-005791 
e002793 
.COO974 
,000357 
.OC0560 
.000574 
.GO0652 
.000504 
.@0@412 
.COO369 
.000300 
-004423 
.003042 
.001475 
-000863 
,000688 
.COO660 
.0@0567 
005809 

.0@3201 

.001669 

.001202 

.001067 

.000897 
-005347 
-002524 
.001730 
.001229 
. O C 1 0 5 0  
.000937 
.004681 
.0020lf 
.001129 
.OI)CB89 
.000538 
.004169 
.00086@ 
-000645 

OOC5 20 

.001297 

.@01C90 

.ro17q3 

.. . 
.001204 

-003524 
.001700 

.roo983 

.001113 
-000823 ~ ~. . - ~  
.000t 12 
.000485 
.003398 
-002735 
OP 2 13 2 

.000766 

.000627 

.000531 

Nst 

25 



TABLE II.- TABULATION O F  HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

T h e r m o  
couple 

1 
2 
3 

5 
6 
7 
8 
9 

10  
11 
1 2  
13 
14  
15 
1 6  
17 
1 8  
19 
20 
2 1  
2 2  
23 
24 
25 
26 
27 
28 
29 
3 0  
31 
32  
3 3  
34  
3 5  
36  
37  
3 8  
39 
40 
41 
42 
4 3  
44 
a5 
46 
4 7  
4 %  
4 9  
50 
5 1  
52 
5 3  
54 
5 5  
56 
57 
58 
59 
6 0  
61 
62 
6 3  
6 4  
6 5  
66 
67  
68 
69  
7 0  
7 1  

a 

. - ._ - . - .- ... 

p = -10'; Tw = 391' K; pt = 278.0 lcN/m2 

'e 
T t  
- 

-98193  
.98812 
.98834 
.98704 

.98639 

.97754 

.95689 
-94311 
.94439 
-94865 
-96348 
.96632 
.93518 
.92529 
-92470 
.94573 
.92814 
.92627 
.92110 
.93054 
-93967 
.94484 
-95973  
-94401 
.93458 
.02604 
.92919 
.93383 
.93450 
.97869 
.95704 
.94925 
.94491 
-941  17 
.93952 
-97568 
.95779 
-95502 
.95135 
-95038 
* 94955 
.97635 
.95958 
-95659 
.95487 
.9.5255 
.97650 
-95434 
.95554 
.95884 
-95809 . 95764 
-95636 
.95464 
.97761 
-95869 
-95659 
.95487 
.97725 
.95217 
.'95120 
.95464 
,95749  
-96153 
-96917 
.95681 
-94970 
.95067 . 95696 
.96078 

.9e582 

- -  
a h m e a s u r e d i n  

__ 

T,, 'K 

361.7 
369.3 
361.3 
356.5 
352.7 
352.1 
347.9 
336.6 
324.2 
315.1 
315.6 
324.1 
352.2 
323.4 
306.4 
302.5 
312.4 
307.1 
304.9 
304.9 
305.8 
307.6 
306.5 
350.6 
329.4 
317.2 
310.0 
309.5 
310.0 
309.0 
359.5 
338.3 
325.0 
321.0 
318.8 
316.6 
362.7 
333.4 
327.0 
322.4 
320.5 
319.4 
353.7 
330.8 
323.5 
321.3 
320.1 
351.2 
319.7 
317.3 
317.9 
328.4 
332.1 
322.3 
320. 8 
348.3 
327.7 
323.0 
320.9 
346. R 
325.8 
320.4 
319.5 
3 1 R I  5 
319.0 
343.3 
334. 8 
327.9 
318.4 
319.2 
320.0 

h 
(al- 

L23.4 
418.1 
383 .2  
31n.6 
266.4 
251.0 
252.7 
215.4 
150.8 

64.9 
54.2 
63.5 

344.0 
156.4 
44.2 
18.2 
38.2 
44.9 
35.4 
32.0 
21.5 
18.1 
12.0 

292.2 
197.7 
109.5 
71.6 
58.5 
51.5 
44.2 

400.2 
229.7 
132.5 
102.7 

95.0 
82.7 

368.8  
188.1 
135.5 
104.q 

92.1 
82.1 

324.7 
155.0 

94.2 
84.0 
F1.6 

291.1  
71.4 
54.0 
47.4 

14@.C 
107.1 

92.4 
82.7 

274.1 
133.4 

97.3 
82.4 

244.2 
131.8 

87.1 
70.8 
57.6 
49 .  6 

237. P 
198.2 
157.8 

68. 6 
63.3 
57.9 

K 

Nst 
-~ ~- 

e005974 
aOC5900 
.@I25408 
.004383 
aC03760 
-003542 . CC3566 
.Tic3039 
.002129 
e000915 
.CCC765 
.oooa95 
-004855 
.002206 
.OOCC24 
.000257 
,000539 
000 634 
,0004'99 
-000452 
.l?00303 
,000255 
.00016Q 
,006 123 
.002790 
;001546 
.001010 
.COOe2b 
.000727 
.OOCC23 
.005647 
aC03241 
.001@70 
,001449 
.00134 I 
,001167 
.OC5205 
.002654 
.OOlQl2 . 0 0 1475 
.001299 
-00115P . ~. 
.004582 

.C01330 

.001138 
.001151 

.001C07 

.COO762 

.OF0670 

.no1575 

.001511 

.001304 
.001167 

.001P92 
-001373 
.001163 
e003446 
.001860 

.002187 

.004ige 

. n o 3 8 6 ~  

.001229 

.C00613 

.000699 
-003355 

.ooinoo 

-002797 
-002227 . C O O S 6  8 

(h) 01 = 5' 

. . .  

p = -5'; T = 388' K; pt = 277.6 kN/m2 
W 

ye 
Tt  
_. 

.98076 

.98682 
-98703 
.98552 
-98415 
.98496 
-97557 
.95474 
.94074 
.9a261 
.94785 
.95182 
-96448 
-93264  
.?2298 
-92313  
.94k@b 
.93886 
.93?96 
.91991 
-93137 
.93841 
-94456 
.95444 
-93894 
-92935 
.92096 
.92530 
-93077 
-93152 
.972@7 
.94q42 
-94096 
.93632 
-93212  
.93062 
.Ob883 
-94020 
-94568  
.94178 
.94036 
-93961 
-96905  
-95017 
.9&673 
.94471 
.94 246 
,96935 
-94486 
,94755 
-95  Ob2 
-94823  
.94740 
-94605 
-94418 
.97062 
.94875 
-94620  
.9444 1 

97047 
.94261 
.Q4163 
.94516 
-94800 
,95265 
-96253 
.94972 
a 94283 
.94373 
.95055 
.95422 
-. -- 

- 

Tw, OK 

370.7 
373.0 
371.2 
362.3 
357.8 
357.7 
353.3 
341.4 
327.8 
316.9 
317.0 
317.7 
361.0 
327.0 
307.4 
303.7 
318. 6 
317.7 
316.5 
302.1 
304.6 
306.0 
306.9 
351.8  
330.9 
3 16.7 
308.7 
308.3 
309.2 
307.9 
365.7 
338. 6 
323.7 
318.9 
316.3 
313.9 
363.0 
332.8 
325.5 
320.2 
318.0 
316.6 
355.4 
329.7 
321.3 
318.8 
317.5 
352.8 
317.1 
314.9 
314.7 
327.1 
322.0 
319.8 
318.2 
350.0 
326.5 
320.8 
318.4 
348.6 
324.5 
318 .3  
316.7 
315.2 
315.3 
345.0 
335.8 
328.4 
317.3 
317.6 
318.2 

. 

h 
(4 

501.1 
5 19.4 
459.9 
373.8 
31 6.9 
296.4 
299.0 
253.5 
176.9 

73.5 
59.4 
55. 6 

3 8 8 . 1  
181.5  
55.3 
27.7 
53.5 
58.3 
57.2 
32.6 
23.9 
20.1 
14.9 

324.4 
214.6 
111.2 

66.9 
53.5 
47.0 
39.4 

437.1 
244.0 
134.2 
98.2 
89.3 
7 b 0  2 

419.2 
200.8 
141 .3  
103.8 

89.9 
77.8 

359.5 
163.1 

94.8 
84.3 
79.4 

320.5 
69.0 
50. 8 
4 1 . 8  

147.3 
109.2 

92.0 
80.9 

304.1 
140.9 

99.2 
82.9 

270.4 
136.8 

87.8 
66.2 
50.9 
41.3 

26007  
215.5 
169.9 
69.3 
61. 1 
54.2 
__ 

. .  

NSt 

.CO7C4; . o c 7  29' 

.00646: 

.OC525' 
-0044  5' 
.00416' 
.C0420; 
.a03 5 f ; 
.00248L 
.00103: 
.0008?1 
.OCC78i 
-00545r  
.OC255! 
.OCO77i 
. 0 C 0 3 B C  
.OOC75i 
.COC81$ 
. O C C E C ~  
.OCO45$ 
.OC09?L 
.OCO282 
. O C C S l (  
-0 04555 
.OC301C 
-0C1563 
.OCCS4C 
.OCC152 
-0CCt61 
.@CC554 
.OC€14? 
.CO3428 . OCl886 

.CC1254 

.CClC70 

.C c 1380 

. 005e9 i  

.ocie22 . CC1996 

.OC1458 
aOC1263 
.0 0 1C 94 
.OC5C51 
. C C i i S l  

C 0 1 3  3 1 
. O C 1 1 8 5  
.OC1115 
.OC'-503 
.OCCS69 
-0CC714 
.OC0588 
.OCZC71 
.001534 
-0C1293 
.OO 1137 
.004274 
.CCl5@1 
-001353  
.001165 
.OC3800 
-0C1522 
.C 0 1233 
.OCCS30 
-0CC715 
- 0  C C  580 
. 0 0 ? t t 3  
,003029 

.O ccs 74 

. C C C  E 58 
-0C0762 

.oc2:es 

-- 

- .  

p = 0'; T = 389' K; pt = 277.8 kN/mz 
W 

T e  

T t  
__ 

- 
.97859 

98412 
-98426 
-98267  
e98138 
.98181 
.9725¶ 
-95202  
.93738 
.93926 
.94406 
-94827  
-96178  
.93010 
*92049 
.S2199 
.94286 
-93731  
-94421  
,91809  
.93250 
-93145 
.93333 
.94842 
-93340  
.92485 . $1749 
-92245 
-92470  
-92425 
.96568 
-94151  
-03265 
-92815 
-92470  
.92335 
.96268 
- 9 4 0 0 1  
.93686 
- 9 3 2 9 5  
.93153 
-93040  
-96133  
.E4076 

-93528  
*93310  
.96118 
-93476  
-93641  
.93881 
-93896  
.93746 
.93656 
- 9 3 4 7 6  
-96268  
.93896 
-93596 
-93476  
-96238 
,93370  
-93220  
~ 9 3 4 Q l  
. 9 3 t l l  
,94346 
,95457 
.94241 

,93656 
,94061  
,96609 

.9370e 

, 9 3 5 8 1  

-- - 

Tw, 

368.5 
370. I 
361.7 
356.7 
352.1 
352. i 
348.1 
336.3 
322.9 
313.5 
313.C 
314.4 
358. c 
321.8 
304.0 
302.2 
311.0 
309.7 
312.2 
300.1 
30R. 1 
303.1 
303.3 
345.7 
323.2 
310.3 
303.6 
303.8 
303.9 
302.6 
360.1 
328.6 
315.2 
311.2 
309.1 
307. 0 
356.8 
322.8 
316.6 
312.4 
310.4 
309- 2 
346.2 
320.1 
313.0 
311.2 
310.2 
343. 6 
309.9 
307.9 
307.4 
318.1 
313.8 
312.0 
310.8 
340.9 
317.6 
312.R 
311.0 
339.8 
316.1 
311.0 
309.1 
307.2 
309.6 
?36. 6 
327. 6 
320.8 
311.4 
310.9 
312.4 

-_  ~ 

h 

(a) 
514.1 
527.9 
448.7 
370.7 
313.0 
297.2 
302.2 
253.1 
172.2 
73.4 
59.8 
56.5 

400. 4 
174. 6 
46.0 
27.1 
45.6 
42.6 
44.8 
26.7 
31.9 
20.3 
18.3 

31109 
193. 6 

91.4 
53.5 
42.7 
37.8 
31.5 

42809  
212.1 
110.2 

81.7 
74.5 
61.6 

389.4 
165.2 
106.3 

83.3 
71.6 
63.4 

333.3 
133.5 

75.7 
68.1 
65.8 

296.1 
57.1 
40.5 
30.9 

121.0 
84.0 
74.2 
67. 2 

277.0 
117.7 

82.1 
67.8 

248.8 
115.1 

73.3 
52.1 
36.3 
31.9 

242.1 
195.0 
152.8 

62.1 
51.8 
45.6 
- 

NSt 

-007245 
-007439 
-006324 
.005224 . C04a l l  
-004188 . C04258 
-003566 

C02426 
. C 0 1 0 3 E  
-000843  
-000797 
-005642 
-002460 
.000649 
-000382 

000642 
.000600 
,000631 
.000376 
-000449 
.00028C 
-000257 
.004396 
-002729 
-001289 
-000754 
.000602 
.000533 . COO444 
-006045 

-001553 
.001152 
.001050 . COO867 
.005488 

C02328 
.0014?7 
.001174 
.co1010 
-000893 
.004697 
.001882 
. O P l C b 6  
.000959 . OOOG27 
.004172 
.000804 
.000571 
,000435 . CO 1705 
.001183 
-00  1046 . COOS4P 
.003?04 
.OC165$  
.001157 
.000955 
.003505 
-001622 
-00 1033 
.000734 
.000512 
,000449 

C03412 . OO27r8 
-002153 
.000875 
.000730 

000642 

. co29e9 

. 
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TABLE TI.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Corilinued 

348.9 
348.8 
344.8 
333.7 
321.3 

rhermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13  
1 4  
1 5  
16  
17 
1 8  
1 9  
29  
2 1  
72 
23 
74 
75 
26 
77 
2 8  
79 
30 
31 
3 2  
33  
34 
3 5  
36  
37 
3R 
39  
40 
4 1  
47 
4 3  
44  
45  
46  
4 7  
h 8  
40 
59 
51 
52  
53 
54  
55 
56 
57 
58 
5 9  
60 
6 1  
62 
6 3  
6 4  
E 5  
6 6  
67  
6R 
6 9  
7 0  
7 1  

280.3 
263.8 
268.3 
230.2 
162.6 

p = 5'; T = 388' K; pt = 277.4 kN/m2 
W 

311.8 
312.7 
320.1 
348.2 
319.8 
305.5 
301.3 
3C9.5 
303.1 
301.3 
301.7 
309.0 
309.3 

Te 
Tt 
- 

a 97646 
-98226 
- 9 5 2 0 4  
-98061  
.97947 
-97961 
-97073  - 95020 
-93607 
-93711 - 94113 
.94514 
-95950 
* 92833 
- 9 1 8 8 1  
-91975 
-93904  - 92759 
-92788 
-91866 
-93636 . 93279 
.93101 

94410 
- 9 2 9 5 2  
. 9 2 l h 3  
-91628  
-92535 
-97669  

92446 
-96017 
-93532 
.92669 
-92238 
. 9 1 8 8 1  
- 9 1 8 2 1  
.95556 
-03250 
* 97937 
.9 :491 
-97372 
-92312 
-05407 
-93264  
.928&8 
-92684 
-91446 
- 9 5 4 2 2  
-07640 
.92907 
-93815 - 92997 
-92840 

92729 
-92535 
-95585  
-93041  
- 9 2 t 5 4  
-975R0 
-95615 
-92535 - 02387 
-92759 - 93145 
-94752 - 94842 
-93607 

92952 - 930 12 
-93279 
-95169 

70.2 
58.2 
66.1 

326.7 
164*4 

51.1 
23*7 
42.7 
45.6 
35.3 
29.1 
40.7 
39.4 

T,, 

364.6 
366.1 
363.6 
358.7 
354.3 
354.2 
350.2 
338.6 
325.4 
315.9 
315.6 
316.5 
354.0 
324.1 
308.9 
305.G 
315.7 
317.8 
311.7 
30h. 2 
311.0 
308.6 
307.6 
339.5 
323.3 
313.3 
304.4 
309.4 
30R.h 
304.3 
353.4 
327.1 
317.4 
310.0 

306.3 
349.1 
325.6 
31R.3 
31C. 6 
308.9 
31R. 0 
344.3 
322.3 
313.6 
304. 6 
3 0 8 . 8  
342.0 
308.q 
306.7 
308.8 
319.e 
31a.R 
312.5 
308.9 
339.7 
314.3 
313.7 
30?.4 
33R. 8 
314.1 
309.4 
307.4 
9 O P . 8  
317.7 
335.7 
326.7 
320.1 
31 1.1 
310.3 
319.9 

308.0 

310.2 
332.1 
317.0 
307.4 

h 
( 4  

488.3 
493.3 
436.5 
362.8 
308.4 
292.0 
295.4 
249.4 
170.4 
73.5 
59.6 
56.3 

378.4 
173.3 

51.8 
26.5 
55.0 
59.3 
55.0 
2 8 . b  
40.3 
32.9 
27. P 

279.8 
177.9 
77.1 
42.6 
35.7 
29. e 
23.6 

380.6 
187.3 
91.4 
66. 2 
59.0 
48.5 

346.0 
142.6 

92.3 
68. C 
58.6 
51. R 

301.4 
113.3 

60.4 
55. c. 
53.8 

267.2 
45.3 
24. @ 
22.8 

102* 5 
72.7 
60.4 
'4.0 

252.9 
99.4 
68.4 
56.3 

226.3 
98.6 
60.4 
38.2 
34.1 
48.0 

220." 
176.9 
138.5 

53.0 
44.4 
49. r) 

35.7 
241.2 
156.9 

63.6 

Nst 

305.2 
305.8 
307.1 
344.9 
319.2 

.OO51J8 

.@04343 

29.0 
23.5 
2 0 . 3  

315.5 
158.3 

.I3041 1 2  

.004160 
00@3513  

aC01036 
. rcz400 

310.1 
303.9 
302.1 
302.8 
339.6 
317.3 
110.1 
305.6 
392.4 
302.2 
335.6 
313.8 
306.0 
304.3 
303.7 
333.5 
302.5 
303.5 
313.9 

-000839 

73.8 
48.9 
44.0 
35.8 

288.8 
1 1 8 0 8  

74.2 
51.3 
44.2 
37.9 

252.2 
92.6 
46.5 
41.0 
40.3 

225.5 
34.1 
1 8 . 4  
52.5 

.COO792 

.005328 

.@02440 

.COO729 

311.5 
307.0 
305.0 
303.7 
331.5 

sCC0373 
.000787 
.C@O836 

COO402 
.PI30568 
-000454 

. on0774 

84.5 
57.5 
47.5 
41.4 

215.1 

.00060@ 

.OC0502 

304.0 
302.6 
330.6 
309.2 

.000419 

.no0333 
-0  05 360 
-0C2637 

50.9 
42.1 

193.7 
78.0 

.GO1287 

.@00831 

.C10?683 

.0P4572 

.@01390 

.0COS6< 

.@00729 

.00A244 

.CO1595 
0QC 850 

.PO0781 

.( '@0758 
*0@3763  
-000638 
.00040Q 
.00@321 
.0014'.3 
.@(?lo24 
.000851 
-000760 
,003561 
-001399 
-000963 
-000792 
-003187 
a001389 
.000850 
.000539 
e 0 0 0 4 8 0  . (103111 
-00249 1 
.001950 
.00@747 
.000625 
.OOC689 

. roo933  

.c02r08 

. (8 c o e 2 5 

.no0677 
307.3 
316.9 
327.8 
310.4 
317.1 

(h) (Y = 5' - Concluded 

p = 10'; Tw = 387' K; p = 277.1 kN/m2 t 

35.7 
72.0 

188.2 
152.5 
1 1 8 . 4  

Te 
Tt 
- 

-97741 
- 5 8 3 4 s  
-98298 
-96155 
.97997 
.98020 
- 9 7 0 8 6  
.55075 
-93712 
-93764  
a04276 
.55670 
-95024 
- 9 2 8 9 8  
-91957 
-91910  
-93938 
- 0 1  874 
-91964 
-92107 
-93938  
-94322 
-94630  
-94179 
-02953 
-92160 
.QlQ12 
-93237 
.94n13 
.04367 
-95730 
-93207  
-92446 
-92107 
-91829 
.91957 
-95075 
-97898 
.07552 
-92168 
-97070 
-97 107 
.9h'?Q2 
- 9 2  800 
.924?1 
-92228 

.95@15 
-92461  
-93560  
.O47?6 
-92484  
.92333 
a Q 2 1 9 0  
.92100 
-051P8 
-92507 
-92168 
-92055 
-95165 
.91995 
-91957 
a 92514 
.93651 
-95037  
-94465 

93260 
-92718 
092778  
.93147 
-94992 

. ~ 2 n 7 7  

358.8 416.6 
360.0 422-7 
357.7 381.8 
353.2 I 325.2 

301.7 I 32.8 

310.9 I 80.7 

304.2 45.1 
332.8 I 78.0 

N s t  

.OC5Et3 
-0C5549 
.OCE314 
.OC4517 
-003945  
-003713  
-003776 
.OC?240 
.OOi288 

.0CCS31 
- 0 0 4 5 9 9  
.002314 

@OC7 19 
.0C0333 
. O C C C C l  
.COCC42 
.OCC497 
. O O C 4 0 9  
. c c c 5 7 3  
.OCC555 
.OCC5i12 
.OC??95 
. 0 0 2 2 0 8  
.00C@9h 
.0004C2 
.occ4c9  
.OOCl?l 

.0c4455 

.002229 

. O C C Z ~ ~  

.OClC39 

.COO688 

. occc2o  

.000504 

.OC4C64 

.OCl673 
-0OlC44 
.COC723 
.occc22  
.cccz.34 
. O C ? 5 5 0  
.OC1?04 
.@CCC54 
-0CC577 

-003174  
.OCC480 
.CCC260 

. a c c ~ t 7  

.ooc739 
-001189 
.OCC@C9 
.OCCt69 
.OCC5E3 
.CG3028 
.OC1136 
.OCCl16 
.COO592 
.CCi725 
.COlO95 
.OOCt?5 
-000394 
.COO5C3 
.001013 
.OC2t5r) 
.002146 
.OClC66 
. @ 0 0 t  18 
.OOC554 
-00 1244  

a h measured in J/m2-sec-% 
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TABLE E.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

T h e r m  
couple 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
12 
1 3  
14 
15 
1 6  
17 
1 8  
19 
20 
21 
22 
2 3  
24 
25 
26 
27 
23 
7 9  
3 0  
3 1  
3 2  
3 3  
34  
35 
36 
37 
38 
39 
4 0  
4 1  
4 2  
4 3  
4 4  
45  
46  
47  
4 8  
49  
*O 
5 1  
52 
5 3  
54  
55 
56  
57 
58 
59  
6 0  
6 1  
6 2  
6 3  
h4 
65  
6 6  
67  
68  
69 
7 0  
71  

B = -10'; T = 389' K pt = 278.5 W/m2 
W 

-97027 
.98853 
.98997 
.98954 
e 9 8 8 9 6  - 98961 
.98247 
-96446  
-95089 
-95171  
-95606 
.95966 
-96101  
-93049  
-92126 
-92366  
-93806 

93731 
-93079  
-91841  
-93154  
-93079 
-93536  
* 95479 

93926 
-92336 
.92066 
-92554  
-92629  
-93146 
-97541  
-15434  
-94646 
-94166 

93805 
-93596 
.97511 
-95734  
-95411  - 95029 
-94871  
- 9 4 7 2 1  
.97752 
.95989 
-95666 
-95426 
-95171  
.97887 
-95366 
-95516 
-96709  
-95906 
-95815  - 95635 
-95404  
-98052 
.95959 
-95696 
-95456  
-98024  
- 9 5 4 1 1  
-95351  
-95666  
.56019 
.96971 
.97399 
-96304 
-95651  
-95706 
-96379  
* 36476 

__ 

T,, 'K 
- 

362.3 
367.1 
365.4 
360.8 
356.6 
356.1. 
353.0 
343.2 
331.C 
320. 8 
321.0 
371.3 
350.9 
320.7 
304.1 
302.9 
308.0 
305.3 

300.1 
305.1. 
303.1 
303. R 
343.R 
327.5 
314.9 
307.4 
307.2 
305.8 
307.5 
3 60.0 
338. 8 
325.2 
320.8 
318.5 
316.0 
359.2 
315.0 
338.1 
323.2 
321.3 
319.4 
35700  
343.1 
332." 
322.1 
320.5 
354.9 
319.r) 
316.3 
323.8 
340.4 
333.7 
323.2 
321.2 
352.1 
339.2 
331.6 
321.1 
350.5 
327. 8 
321.6 
319.7 
319.7 
324.2 
347. s 
340.1 
333.5 
323.8 
324.2 
323.4 

302.4 

_ _  

- 

h 
(a) 

430.5 
464.3 
421.6 
354.7 
303.1 
284. @ 
290.0 
256.3 
186.5 

87.9 
75.4 
66.9 

331.2 
151.2 

38.7 
23.5 
31.6 
18.0 
14.2 
23. R 
20.9 
19.4 
15.4 

292.2 
195.2 
107.6 

6 8 . 2  
53.1 
43.5 
37.7 

400. P 
243.7 
141.9 
108.4 
100.0 

86.3 
A00.1 
206.0 
154.1 
114.0 
100.6 

87.9 
364. R 
176.7 
L05.5 

92.9 
87.9 

325.7 
70.1 
48.3 
52. 2 

160.1 
119.5 

99.9 
87.7 

307.4 
152.0 
108.3 

85.9 
272.8 
144.2 

91.8 
69.7 
60.6 
50.6 
268- 5 
230.3 
107.5 

88.2 
83.2 
72.2 

- 

Nst 

.006050 
,006525 
-005925  
-0C4984 
-004259  
.004002 - 00407 6 

003602  
- 0 0 2  6 2  2 
.no 1 2 3 6 
.001060 
.O(rO940 
-004655  
.no2126 
.no0544 

.no0253 

.no0335 

.000330 

.000441 

.000200 

.000293 

.000273 

.000216 
-004  106 
.002758 
.oo 1 E l  2 
cOOC559 
-000747  
a 0 0 0 6 1 1  
.000531 
,005632 
m003425 

.001523 
00 140 5 

.001213 

.no1994 

.005623 
a002907 
.0C2166 
-001603  

.002483 
- 0 0  148 3 
.001305 
,001235 
-004577 
.COO985 
-000679 
.000734 
.OC2249 
- 0 0 1 6 8 0  
-00 140 5 
-001233  
.004320 
-002136 
e 0 0  152 1 
-001 207 
e003834  
.002026 
-00 1289 
.000979 
.000852 
~ 0 0 0 7 1 1  
-303774  
-033237  
-002635  
-001 240 
.001170 
-901015  

- 

,9 = -5'; T = 389' K; p = 278.5 W/m2 
W t 

Te 
Tt 
- 

-97504  
,98523 
-98667  
-98624  
-98552  
- 9 8 6 0 2  
- 9 7 8 3 1  
.96051 
.94695 
.94837 
-95376  
-95586 
.95721 
-92672  
- 9 1 7 7 3  
-92230  
.93444 
-93114  
.93354 
-91683  
,93234 
-92410  
,92972 
-94800  
- 9 3 3 0 1  
-02320  
.91488 
.92125 
-91975  
.92305 
-96755 
- 9 4 5 2 2  
-93676  
.93 189 
-92822  
- 9 2 6 7 2  
-96605  
-94687  
.94357 
- 9 3 9 2 3  
.93773 
-93638  
-96815  
.96912 
- 9 4 5 3 0  
-94305  
- 9 4 0 0 5  
.Ob957 
,94223 
-04492  
.95751 
.94777 
-94657  
-94492  
-94260  
-97167  
.94837 
.94545 
.94298 
- 9 7 1 2 9  
-94328 

94245 
-94560  
-94972  
-96223  
-96515  
-95406  
.94785 
,94882 
,95526 
-95736  

Tw, 'E 

361.6 
366.1 
364.2 
359.5 
355.4 
355.2 
351.8 
341.9 
329.5 
319.8 
320.3 
320.1 
349.7 
319.3 
302.7 
304.3 
311.3 
309.4 
308.7 
299.8 
305.1 
301.5 
301.9 
340.0 
323.7 
311.1 
304.3 
304.6 
302.5 
303.0 
356.1 
333.1 
319.7 
315.4 
313.0 
310.8 
354.4 

331.2 
317.6 
315.7 
313.9 
351.9 
331.5 
319.0 
316.7 
315.2 
349.8 
313.9 
311.4 
319.6 
329.2 
319.8 
317.6 
315.9 
347.2 
332.6 
318.7 
316.0 
345.8 
322.1 
316.4 
314.5 
314.9 
324.2 
343.2 
335.2 
328.8 
319.3 
320.0 
319.9 

328.e 

h 

(a) 
505.9 
548.6 
483.5 
397.4 
336.6 
317.0 
324.4 
281.9 
200.5 
93.0 
79.9 
74.3 

376.1 
158.8 

38.5 
34.4 
50.2 
46.2 
39.4 
25.0 
24.6 
17.4 
12.0 

306.7 
196.1 
99.1 
58.7 
46.7 
36.2 
29.4 

439.9 
236.2 
130.2 
98.0 
8 9 . 5  
76.1 

430.4 
194.8 
140. 3 
103.9 

91.2 
78.8 

380.0 
157.7 
94.0 
84.4 
7P.4 

338.1 
63.6 
40.6 
52.8 

143.3 
100.8 

91.0 
80.1 

315. 8 
141.9 
98.0 
79.6 

281.2 
135.6 
84.2 
61.9 
51.3 
63.3 

176.5 
229. 5 
182.7 
83.2 
77.6 
6 8 . 6  

_ _  

Nst 

eOC71C4 
.0@7703 

0067  89 
.OC5?@1 
- 0 0 4 7  27 
- 0 0 4 4 5 1  . OC45 55  
.OC3558 
.CO2816 
.C01305 
.co1122 
.OClC43 
.005281 
.OCi230 
.000541 
.OCC"?3 
.00C703 
.OGCC49 
- 0 0 0 5 5 3  
-0CC351 
.000345 

OCC245 
.OCC 169 
.004306 
.00.2753 
.C01312 
.00C@25 
.OCC655 

OCC509 
.000413 
.0Ct177 
.003317 
. O C l @ Z B  
.001377 
-0C1257 
.001069 . OCtC43 
.OCi735 
.OCIS70 
-001459  
.OC12@0 
.OO11C6 
.C05335 
a O C  2 2  14 
.001313 
.0C1185 
.001115 
-004747  
-0OC893 
-0CC579 
.OOC142 
.OC2C13 
.I2014 15 
.CC1270 
.001125 
. oc4435  
. O C 1 5 9 2  
.oc1377 
,001117 
,OC3948 . O C  15C4 
,001182  
.OCC869 
,OCC720 
.OCC@90 
,003892  
B O C 3  223 
,002566 
, 001168  
~ 0 0 1 0 9 0  
,OCCC63 

Te 
Tt 
- 

-97421 
.98381 
-98521 
.9847( 
,98411 
-9842'  
-97711 
.9591( 
-94541 
.94645 
-95141 
.9538! 
.9553! 
-9248 t  
-91661  
.9224t 
.9311€ 
.9335€ 
m9365F 
-91783  

.920C@ 
-91377 
.94349 
-92893  
.91993 
-91317  
,91753 
- 9 1 5 0 5  
-91753  
-96210  
-93876 

92976 
-92503  
~ 9 2 1 7 3  
- 9 2 0 5 3  
-06090  
-93869  
m93569 
.93118 
.92983 
-92033  
-96120  
-94049  
-93659  
.93449 
-93178 
,96270 
e93298 
-93509  
-95144  
,93929 
.93749 
-93614  
,93358 
,96480 
,93951  
,93599 
s 934 19 
,96465 
.93494 
,93373 
,93674  
,94094 
B 95460 
,95820  
t 94754  
,94169  
s94184 
,94514  
,95685  

.9242e 

T,, 

360.7 
365.Z 
363.C 
358.1 
353.9 
354.c 
350.9 
341.C 
328.4 
318.6 
319.0 
31 8.4 
348.4 
317.6 
30'1.6 
304. 1 
306.4 
30B.0 
300.0 
301.4 
308.2 
300.5 
297.7 
336." 
3 19.7 
307.5 
301. I 
301.3 
299.2 
299.3 
352.3 
327.5 
314.1 
310.1 
30?.9 
306.1 
350.4 
322.5 
320.6 
312.0 
310.2 
308.7 
346.0 
320.4 
313.1 
311.2 
309.9 
344.7 
308.6 
305.9 
318.7 
323.2 
314.1 
312.0 
310.4 
342.4 
322.3 
313.0 
310. 8 
341.2 
316.4 
310.9 
309.6 
310.8 
324.5 
338.8 
331.8 
324.3 
314. R 
314.6 
318.3 

h 

( 4  
564.9 
617.9 
531.3 
428.4 
357.7 
341.6 
349.7 
304.6 
212.4 

99.0 
85.8 
79.1 

430.9 
165.2 
43.0 
38.1 
39.4 
42.1 
42.3 
31.9 
29.3 
23.0 
21.2 

310.0 
188.2 
89.0 
50.0 
39.3 
29.8 
25.7 

456.9 
223.0 
115.5 

05.5 
77.0 
65.0 

431.3 
177.8 

90. 8 
79.0 
68.4 

379.0 
145.5 

82.5 
74.3 
69.  B 

334.0 
54.9 
31.7 
73.3 

132.6 
96.6 
79.6 
70. 8 

311.8 
126.4 
88.6 
710  6 

278.4 
123.1 

74.6 
54.5 
45.3 

118.5 
275.2 
225.8 
177.3 
76.8 
70.7 
56.9 

120.7 

Nst 

-00797  

-00749'  
-00604 '  
a00504' 
m00482. 
.00"931 . C04291 
sC0299' - 001391 
.00121( 
.00111f - 006C8 1 
.002331 
.00060i 
.00053t 
- 0 0 0 5 5 f  . 00059? 
.00059f 
.000451 . COO414 
.COO324 

-004374 
00265t  

.001255 
.000705 
-000554 
.000420 
-000363  
.0064&6 
-003146  
-001629  
.001206 
.001036 
.000?17 - 006086 

C02500 
.051703 
.001281 - 00 11 14 

OCOO65 
-005348  
.002053 
a001165 
.001048 
-000985  

OO"712 
.COO774 
.0004"7 
.001034 
.001871 
- 0 0 1 3 6 3  
a001123 . 000S99 
-004400  
m 001704 
~ 0 0 1 2 5 0  
.0c1010 
no03928 
,001737 
.001052 
,000769 
.COO639 
.001672 
, CO3883 
003186 
C02502 

B COO997 
,000803 

.on8711 

. c003nc 

,001oe3 

a h measuredin J/m2-sec-% 

28 



TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

410.8 
345.3 
296.9 
279.2 
286.9 
253.8 
184.4 

88.6 

6 8 . 0  
325.5 
146.5 

77.1 

rhermo 
couple 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
15 
16 
17 
1 R  
19 

7 1  
22 
2 3  
24 
25 
26 
27 
24 
29 

31 
37 
3 3  
3 4  
35 
36  
37 
38  
39 
40 
41  
A2 
4 3  
4 4  
45  
A 6  
47  
4 8  
4 9  

5 1  
52 
53  
54  
55 
56  
57 
5R 
59  
6 0  
6 1  
62  
6 3  
6 4  
65  
6 6  
67 
6 q  
6 9  
7 0  
7 1  

20 

3n 

5 0  

a h  

-0C5767 
aOC4E47 
-004168  
.0C3519 
,004C29 
.003563 
.@02589 
.001244 

.OOC555 
- 0 0 4 5 7 0  
-002057  

.0010e2 

p = 5'; Tw = 390' K; pt = 278.3 W/m2 

32.1 
29.3 
22.9 
33.2 

320.7 
154.9 
68.8 
50.4 
45.7 
39.7 

' e  
Tt 
-- 

-97412  
- 9 8 3 8 2  
e98498 
- 9 0 4 5 4  
-98368 
-90397  
-97660  
-95888  
- 9 4 5 1 3  
-94656 
- 9 5 1 5 2  
.95377 
-95512  
-92478  
-91637  - 92148 
-93259  . 92824 - 92778 
,92027 
-97981  - 93740 
-93792 
-94070  . 92688 
-91892  - 91472 
-92313  
-92733  
-93672  
.95798 
-93424  
- 9 2 5 3 0  
-92118 
-91795  
-91787 
-95527  
-93274  
- 9 2 9 7 4  
.92538 

02433 
-92328  
-95565  
.93394 
-92974  
-92809  

92531 - 95708 
-92748  
-93515  - 94716 . 93214 
-93019  . 92899 
-92643  
.95933 - 93259 
-92869  - 92763 
.95948 . 92839 
-92718  - 03162 - 93860 
- 9 5 3 9 2  
.95347 
-94266  
m93740 
-93b65  

94055 
q5407 

asured in 

- 0 0 0 4 5 1  
.OC0411 
.OCCI22 
mOCC4t6 
.@04502 
-0C2175 
.00CS66 
.OCC7CE 
.O@Ct42 
.OCC558 

TW, OK 

359.4 
363.2 
3hl.4 
356.6 
352.4 
352.3 
349.1 
339.4 
327.3 
318.1 
318.3 
318.2 
346.8 
316.7 
301.0 
303.1 
309.0 
307.7 
306.3 
303.3 
305.2 
3 0 6 . 6  
306.9 
332.7 
316.7 
308.1 

301.8 
301.9 
307.3 
348.0 
322.5 
31 3.4 
306.3 
304.5 
393.3 
-445.2 
522.2 
315.1 
317.5 
306.2 

341.4 
315.3 
311.3 
3Q6. 9 
305.7 
339.5 
304.9 
305.1 
318.0 
317.6 
309.5 
310. I 
306.0 
337.5 
316.9 
311.3 
306.8 
336.5 
311.4 
306.5 
306.7 
309.1 
321.6 
334.1 
326.2 
320.3 
311.2 
312.0 
320.3 

301.7 

31-15.1 

/m2-se1 

266.6 
89.6 
46.5 
42.6 
41.2 

237.2 

h 
(a) 

508.0 
534.8 
476.1 
3 89.5 
330.5 
312.0 
320.9 
280.5 
199.4 

94.9 
81.0 
74.5 

373.8 
154.8 
37.3 
34.1 
47.7 
49.3 
44.2 
36.1 
30.8 
29.1 
28.5 

270.2 
163.0 

7 L 4  
38.6 
31.6 
22.8 
30.0 

392.4 
185.6 

91.9 
66.5 
60.0 
50.8 

364.8 
144.8 

94.3 
70.7 
61.3 
53.2 

319.1 
111.7 

63.6 
57.7 
54.2 

2R4.2 
41.3 
24.7 
9 3 0 0  

107.4 
72.5 
63.2 
55.4 

267.9 
102.5 
7 0 - 2  
56.7 

239.6 
98.7 
53.8 
43" 5 
37.3 

101.6 
235.9 
193.1 
150.1 

63.3 
56.9 
74.2 

k 

.0C5743 

.OC1258 

.OCCt53 

. O C O 5 9 8  
-0CC578 
.003331 

Nst 

-007150  

266.6 

-007527  
.0067'11 
.005482 
.004651 
-004391  
-004516  
-003947  

C 0 2  807 
an01336 
.001140 
.001048 
.005261 

I -0C5743  I 

.002179 
,000525 
. 0 0 0 ~ 8 1  
-000 67 1 
,000693 
.0@@623 
.000508 
oCO0434 
-0 004 10 
.000401 
.0@3803 
.002295 
.@01CO6 
.10@544 
-900444  
a00032 1 
.000423 
.0@5522 
o 002613  . J01293  
.000937 
.000844 
.000715 

.002038 
-001327 
.000995 
-QOO863 
-000749  
-00A492 

.no5134 

89.6 

2;:: 
41.2 

237.2 

;001572  
.000875 
.00@812 
.@00762 

.OC1258 1 .OCCt53 i O C 0 5 9 8  I 
-0CC578 
.003331 .OO4000 

.000581 

.000348 
- 0 0  13'19 
.001512 
.001020 
.000890 
.DO0780 
.Q03770 
-001443  
.0@0988 
.00C798 
-003372  
.001389 
.'I00757 
,00061 3 
a990526 
.'101430 
.003320 
-0027  18 

29.2 
37.1 
71.1 
82.4 
58.0 
48.6 
41.0 

226.9 
78.3 
53.2 
43.2 

201.8 

.002113 

.000892 

.900801 

.001@44 

.OCC4C9 

.COO521 

.OCCS98 

.C01156 

.000814 

.OOCtE3 
-0CC576 
aOC1196 
.001099 
.OCC747 
.OC0606 
.002833 i 

(i) a = 10' - Concluded 

/3 = 10'; T = 366' K; pt = 277.6 lcN/In2 
W 

75.2 
4 0 0 5  
33.9 
41.7 
71.9 

198.8 
163.7 
128.5 

51.0 

100.2 
53.4 

Te 
Tt 
- 

~~ 

-57290  
-98291  
- 9 8 3 6 3  
-98327  
-90216  
-98224  
.97433 
- 9 5 7 3 1  
m 94436 
.94 549 
-95099  
- 9 5 4 2 2  
.95377 

92373 
-91552  
- 9 1 7 7 0  
-93073  
-92855  
a92493 
-92207 
a 93 246 
-93969  
a 94737 
- 9 3 6 7 5  
e92418  
.917&8 
-91695  
e92930  
e94135 
-94730  
-95332  

92915 
-92132  
e 9 1 8 0 0  
.91575 
-91748  
-94865  
-92719  
-92403  
-91996  
,91951 
.91951 
-94956 
- 9 2 7 4 2  
.92335 
- 9 2 1 5 4  
.91936 
-95106 
.92335 - 94300 
-94903  
- 9 2 5 0 1  
-92328  
-92162  
-91996  
-95325  
- 9 2 5 5 3  
- 9 2 1 9 2  
.92057 
-95332  
-92132  
-92109  
.92644 
.94052 
-95340  
.94737 
-93660  
-93201  
.93088 
.9&579 
-95008  

.001C56 
. 0 0 0 5 t 9  
-0CC476 
-00C586 
.00101'I 
.002791 
. ( I C i i F B  
.001805 
.OCC716 

.001407 
.noc751) 

Tw, OK 

355.7 
359.5 
357.7 
353.5 
349.5 
349.3 
346.0 
336.9 
325.5 
316.5 
317.3 
317.3 
343.5 
315.0 
299.9 
299.6 
304.2 
300. E 
298.9 
302.5 
307.1 
306.5 
309.2 
328.0 
313.2 
302.7 
299.2 
302.9 
305.9 
309.2 
342.0 
317.2 
305.7 
302.5 
301.1 
300.9 
33R. 1 
312.0 
306.4 
302.9 
302.1 
301.6 
335.4 
310.0 
304.0 
302.5 
301.4 
333.7 
301.2 
309.1 
315.8 
308.3 
304. 8 
303.1 
301.7 
332.0 
307.0 
303. 8 
302.3 
331.0 
306.2 
302.0 
303.0 
309.6 
317.3 
328.8 
321.1 
315.7 
307.0 
313.4 
320.0 

1 
i 431.3 I aOC6C55 

453.5 -0Ct367  

36.6 .OCC'C13 
25 2 .Oflo353 
32:3 I .OCC453 1 
18.1  .@C0254 I .OCO206 

.OCC558 I 
46.8 -000657  
32.0 1 -0CC449 I 
31.5 .000443 

232.3 . OClZ t2  
140.1 .001567 

56.0 I -0CC7R6 I 

299.3 I -004202  I 
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TABLE L- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMLNAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 x 106 - Continued 

Thermc 
couple 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
12  
1 3  
1 4  
15 
1 6  
17 
10 
19 
20 
71 
2 2  
23 
2 4  
2 5  
26 

2 0  
7 9  
30 
3 1  
3 2  
3 3  
34 
35  
36 
37 
-3Q 
39 
4 0  
4 1  
4 2  
4 3  
4 4  
45  
46  
47 
48  
4 9  
50 
51 
5 2  
5 3  
54  
c 5  
56  
57 

. 5 0  
59  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
60 
6 9  
7 0  
7 1  

27 

- -. - - .. 

6 = -10'; Tw = 390' K; pt = 278.0 lcN/m2 

Te 
Tt 

-_ 
- 

-96619  
-98416 
.98906 
-9902R 
-99035 
.99165 
-90776 
-91555  
-96365 
- 9 6 6 1 9  
.96627 
.96105 
-94658  
-92039  
.91365 
.92001 
-92922  
.93596 
-96350  
.91620 
-92593  
-93184  . 93065 
.94224 
.92817 
-91927 
-91419  
.91029 
-93007  
-92944  
-96402  
-94606  - 93973 
- 9 3 5 2 0  
-93206 . 92909 
-96769  
-95257  
-95018  
.94599 
.9a434 
-94239  
-97428  
-95676 
-95339  
,95085 
- 9 4 7 6 3  
.97761 
-95212  
-96754  

96323 
-95646 
-95527  
.95325 
-95122  
-90035  
,95735 

95452 
95332 

-90028  
-95402  
.95497 
-95976 

96784 
-96440  

97033 
-97039  
.96500 
,96724 
-96777  
- 9 6 3 0 0  

~ 

T,, OK 

350.4 
360.7 
36Q.O 
365.1 
361.4 
361.5 
360.3 
354.3 
343.4 
333.6 
330.7 
327.6 
34a. 2 
314.8 
303.1 
303.3 
394.2 
304.6 
311.6 
3'30.0 
303.2 
303.1 
304.9 
33R.2 
322.k 
310.7 
304.6 
303.4 
307.0 
310.4 
356.6 
337.2 
324.0 
320.0 
317.7 
314. 6 
359.2 
336.0 
324.L 
323.9 
321.4 
318.8  
359.6 
334.2 
325.3 
322.5 
320.0 
35P.3 
318.0 
334.4 
338.5 
332.2 
326.6 
323.6 
320.6 
356.0 
331.3 
325.0 
321.2 
354.5 
330.6 
324.2 
323.5 
327.9 
329.0 
354.2 
340.6 
142.9 
333.7 
3 3 0 . 9  
32R.O 

h 
(a) 

447.4 
542. t 
491.5 
409. F 
352.C 
332.1 
357.0 
338.7 
263. E 
143.5 
116.2 
1 I?2. 5 
313.9 
120.2 

36.7 
30.9 
21.7 
13.1 
4.7 

24.3 
19. 6 
14.4 
14.3 

271.2 
178.6 

97.7 
59.5 
41.1 
409 1 
69. I. 

419.1 
247.0 
147.5 
110.6 
101.2 

84.5 
447.6 
225.0 
162.9 
12109  
105.8 

0 8 * 3  
415.6 
189.6 
111.2 
98.6 
07.1 

312.0 
69. R 

135.0 
195.2 
1730 3 
127.5 
105.4 
05.0 

353.1 
163.9 
113. 0 

316.0 
84.3 

162.5 
102.2 

03.7 
02.6 
90.9 .. 

323.7 
291.1 
245.0 
133.1 
120.0 
IC% 6 

Nst 

.006308 
-0C7.553 
-006935 . 005770  
.004963 
.004682 
m005C34 

004776 
-003716  
.002023 
.001638 
-001445  
-004426 
-001 007 
.030517 
e000435 
.000306 
.ocoia4 
.000067 
-000343  
.000276 
.000203 
.C00201 
,003824 
.002513 
.001378 
-000839 
.0@0580 
.000555 
.000F78 
.C05909 
-003402  . .~ 
.OC2000 
.001560 
.001427 
.001192 
eC06311 
.003172 
.002297 
.001719 
e001492 
-00 1245 

-002674  
.oc5e60 

~~ 

-0C1568 
- 0  0 1390 
.C01228 
-0C5251 
.000857 
.C01903 
-002752 
-0'32443 
-001797 
-001485 
.ooi19e 
-004979  
.002311 
-001593  
.OC1188 
-004456 
-002291  
e001441 
a001179 
e001165 
.001282 
-004554  

C04 104 
-003454  
-001 876 
-001692 
.C01418 

(j) a = 20' 

.. . .  - _  
p = -5'; T = 388' K; p = 278.0 kN/m2 

W t 

Te 
Tt 
- 

.96024 
-90657  
-09105  
-9922% 
,99235 
.9?336 
-90932  
.97725 
-96502  
.95039 
-96922  
-96494  
-94813  
.92119 
- 9 1 5 1 1  
.92284 
-92666  

.90970 

.91991 
- 9 2 2 0 1  
-93500  
.93432 
.94077 
-92719  
- 5 1 8 0 3  
.91436 
.51630 
.93162 
-92907 
.96201 
-94220  
.93507 
.93094 
-92787 
-92591  
- 9 6 4 6 4  
.94723 
.94453 
-94055  
.93082 
-93687  
-97080  
. a 5 1 2 8  
.94738 
.94490 
-94153  . 97447 
.?4573 
,96434 
-96149  
-95061  
.94903 
-94700  
.94498 
-97717 
.95173 
-94820  
.94693 
,97710 
- 9 4 9 0 3  
.94896 
- 9 5 3 2 3  
-96344  
-96224  
,97477 
.?6674 
.96164 
.96284 
-96509  
-96149  

.936e7 

Tw, OK 

365.3 
371.7 
366.3 
362.2 
358.5 
350.5 
357.4 
351.4 
340.6 
331.0 
329.5 
326.7 
341.4 
316.7 
299.9 
305.3 
305.0 
307.1 

300.3 
299.7 
302.9 
302.4 
333.0 
317.4 
306.4 
301.6 
300.3 
305.5 
336.7 
360.6 
330.0 
318.2 
314.2 
312.1 
309.5 
362.6 
328.3 
322.2 
317.6 
315.6 
313.3 
353.0 
326.9 
319.1 
316.6 
314.4 
351.8 
312.6 
329.1 
331.1 
325.2 
320.3 
317.7 
315.1 
349.6 
324.4 
319.0 
315. 6 
340.2 
323.6 
310.1 
317.5 
326.1 
327.1 
347.9 
342.1 
336.5 
327.7 
326.2 
323.9 

309. e 

h 

(4 
300.4 
467.5 
420.4 
355.0 
310.7 
294.5 
316.0 
301.8 
236- 3 
132.0 
109. 2 
96.6 

275.5 
111.0 

27.0 
37.7 
33.0 
27.2 
20.0 
22.7 
17.7 
12.5  
11.5 

232.3 
1 4 0 . 0  

71.5 
43.9 
31.7 
30.3 
51.6 

339.0 
190.2 
116.9 
80.3 
81.0 
67.5 

354.1 
177.5 
127.6 

96.5 
84.9 
71.  2 

339.0 
150.1 
08.7 
78.5 
70.0 

306.5 
47.1 

111.1 
144.9 
138.4 

96.6 
04.7 
6 0 .  7 

292.4 
123.4 
91.4 
67.6 

262.3 
129.0 

81.3 
65.0 
06.6 
92.7 

270.5 
240.9 
202.0 
108.0 
100.2 
84.4 

NSt 

.OC5?49 

.00t574 

.OC5511 

.005002 
.CC4360 
.004141 
.oc4455 
- 0 0 4 2 4 3  

.GO 1359 

.003 e i 4  

.OC1573 

.000391 

.OCC530 

.C CC4 76 

. ccc3e2  

.OOCZ81 . OCC3 19 

.OOC245 . O C C  175 

.OCOlbZ 
-0C3266 

-0CO446 
.CCO426 
.OCC726 
.OC4767 
.ocieoo 
.OClC44 
.OC1242 
.001139 
.ccc549 
.CC4578 
.OCi495 
.OC1755 
.PO l ?  57 
.GO1193 . oc l C 0 l  
.004778 
.cc2111 
.C01247 
.OC1104 
.occ5e4 
.OC4309 
.OCCCC3 
. O C l 5 t Z  
.OCiC37 
.CC1546 
.CC1?58 
.001191 
.OCCS66 
.PO4111 
.CC1734 
.001286 
.O C C F  51 
.OC3t80 

0 0  10 14 
.001143 
.OC0914 
.PO1210 . C01303 
.00?EC3 
,003387 . C C 2E40 
. 001510  

OC1409 
.001107 
- -- 

Te 
Tt 

- 9 6 5 0 4  
.98256 
.90724 

.90047 
- 9 8 9 0 4  
-98558  
.97343 
.96099 
- 9 6 4 2 1  

.96114 

.94405 

.91737 

.91212 

.92127 

.92291 
- 9 2 7 0 6  
-93416  
.917$7 
.92171 
-92426  
.93221 
.93431 
.92156 
,91317 
-91077  
.91362 
.92419 
.92726 
.95424 
-93356  
-92576  
.92216 
-91969  
- 9 1 7 0 2  
-95709  

93686 
- 9 3 4 6 1  
.93041 
. 9 2 8 5 1  
.92696 
-96167  
.54068 
.93641 
- 9 3 4 3 1  
.93 10 1 
.96519 
,93423 
.95634 
.95492 
.94015 
,03805  
,93626 
,93370 
-96789  
,94075 
,93686 
,93573 
.96804 
,93850 
,93790 
,94105 
,95380 
.95409 
, 9 6 5 4 9  
,95769 
, 4 5 2 6 0  
,95200 
, 9 5 3 8 0  
,95 26C 

.9aa25 

.964e9 

~- 

T,, OK 

359.5 
369.f 
369. f 
365.6 
361.E 
362. C 

355. c 
343.8 
333.5 
331.2 
327.5 
344.3 
313.S 
300.2 
306.9 
3'36.3 
306.5 
307.7 
303.7 
302.P 
301.2 
303.3 
333.6 
317.4 
308.1 
302.8 
290.7 
303.3 
306.1 
351.7 
328.7 
315.5 
311.3 
309.4 
306.8 
353.3 
326.1 
319.5 
314.5 
712.4 
310.1 
352. 6 
324.8 
316.0 
313.5 
311.2 
351.5 
308.6 
325.4 
320.1 
327.4 
320.9 
314.5 
311.9 
349.5 
326.1 
310.9 
312.3 
340.0 
320.0 
314. 8 
313.3 
328.3 
327.7 
347.7 
341.6 
355.9 
325.2 
324.0 
321.9 

361.0 

h 

(4 
446.7 
545.3 
505.3 
419.6 
357.4 
339.9 
363.5 
345.6 
269.0 
146.0 
119.9 
105.7 
300.7 
129.4 
34.3 
43.0 
41.6 
34.6 
31.1 
38.2 
20.6 
17.7 
17.3 

247.3 
157.7 

73.4 
45.6 
30. I 
2Q.6 
45.1 

372.3 
204.4 
111.9 

02.0 
73.1 
60.6 

382.7 
101.6 
126.6 
92.3 
79.0 
65.4 

366.5 
153.9 

8 5 . 9  
74.5 
65. 2 

331.1 
42.0 
94.8 

123.3 
139.6 
100.5 

80.9 
65.3 

316.5 
130.4 

07. 2 
63.5 

200.4 
125.0 

77.2 
59.3 

117.9 
116.0 
207.8 
252.9 
208.5 
103.0 

98.3 
82.1  

NSt 

.00629~ 
.CO768 
-007 111 
C0591, 

.00503! 
004781 

-00512;  
.004071 
.00379l . C O Z  05' 
.00160C 
.C0149l 
.00435( . OOlR2I 
.00040d . OOO6Pi 
.00058; 
.00048i 
.000431 
.00053t 
.OOC29( . oc025c 

OC0244 
OC3484 

.OC222i . CO 103l 

.COC64I: 

.CCOA2L 

.OCO417 . OCCE35 

.005215 

.0028R( 

.001577 
.CO1155 
.ooic30 . oooe54 
-005393 
.002558 
-001784  
.001301 
. C O 1 1 1 2  
.000921 
.C05154 
,002169 . CC1ZlO 
.oc1o*c 
.CCOSlR 
.004tC5 

OGC592 
.001?36 
-001737 
-001966  .001L16 

.001139 
,000921 

C04459 
.00183P 
.00122P 
.0000?4 
.C03951 
- 0 0  1773 
.001008 
.000835 
.00166l 
.COl634 
.004055 
-003563  . 00 2 03 e 

C01451 
.001385 
.C01151 

a h measuredin J/m2-sec-% 
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NCTMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

rhermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
15 
1 6  
17 
18 
1 9  
20 
2 1  
2 2  
2 3  
24 
2' 
26 
27 
28 
? 9  
30  
3 1  
32  
3 3  
3 4 
3 5  
36 
37  
3 8  
39  
40 
4 1  
42 
4 3  
44  
45  
46 
4 7  
4R 
4 9  
50 
5 1  
52  
53  
5 4  
55 
56  
57 
5R 
59  
60 
61 
6 2  
6 3  
6 4  
6 5  
66 
67  
68  
69 
7 0  
71 

p = 5'; T = 388' K; p = 278.3 kN/m2 
W t 

Te 
T t  
- 

-96378  
-98150 
-98598  
-98684  
-98684 
-98771  
-98388 

97175 
-95972 - 96288 
-96295 

95874 - 94259 
-91613  

91079 
-91944 

91929 
-92334  
-93235  
-91853 

92184 - 93266 
-93507  
-93116 
.91883 
-91 147 
-91177 
-91523  
-92906 
-93026 
.94943 
-92823  
-92049 
-91763  
-91508 
-91387 
.95115 
-92936 
-92710  
-92319 . 92229 

92034 
-95521  
-93327 . 92876 
-92665 
-92334  
-95852 
-92725  
-95055 
-95160  
-93221  - 92996 
-92831 
-92560  
-96138 
-93281 
-92906 
-92846 
-96168 
-93101  
-93026  
-93357 
-94710  
-94950 
-95912  
-95145 
-94710  
.94484 

95 100 
-95228 

a h m e a s u r e d i n  

T,, OK 

355.3 
365.2 
365.2 
361.0 
357.3 
357.4 
356.5 
350. 6 
339.8 
330.8 
328.1 
324.8 
340.0 
315.1 
300.3 
303.6 
303.1 
303.1 
304.6 
303.1 
300. R 
303.7 
303.9 
327.5 
316. 6 
304.0 
300.8 
208. 6 
304.7 
306.0 
344.8 
321.1 
312.2 
305.8 
304.2 
302.2 
345.5 
322*9 
31 5.9 
310.7 
306.4 
304.7 
344.5 
321.7 
312.4 
307.5 
305.4 
343.5 
304.9 
318.6 
321.7 
31 9. 6 
317.0 
310.8 
306.1 
341.7 
318.4 
312.0 
308.5 
340.5 
317- 2 
311.0 
309.6 
317.9 
319.8 
340.1 
334.1 
32 8.7 
718.4 
319.2 
318.4 

h 

(a) 
650.8 
547.4 
500.9 
414.0 
355.4 
335.8 
361.0 
343.9 
265.0 
146.3 
118.6 
105.6 
307. P 
123*3 

34.7 
38.8  
38.0 
29.8 
24.3 
46.9 
23.6 
20.2 
16.5 

230.3 
13R.4 

59.2 
39.2  
24.5 
27.0 
35.3 

353.5 
177.1 

ef3.9 
66. E 
60. 6 
49.3 

351.1 
152.3 
100.7 

73.8 
63.7 
53.4 

334.3 
127.8 

69.2 
61.3 
53.7 

302. 6 
31.7 
75.0 

100.2 
116.3 

86.4 
65. 
54.0 

288.8 
107.5 

70.8 
49.6 

256.6 
103.1 

60.9 
46.5 
80.1 
90.7 

264.0 
228.0 
188.1 

92.9 
79. b 
65.3 

/mZ-sec-OK 

.006328 

.007685 

.007032 

.005811 
-004989 
o 004713 
.005Cb8 
-004827 
.003720 
-002054 
.001666 
-00 1483 
-004322 
.001731 
-000487 
-000545 
eOOC533 - 0 0041 8 
a000341 
.000658 

-000283 
.000231 
.003232 
-00 1942 

.no0332 

.ooOssi 
-00P550 
.000344 
-0 00380 
.000495 
.I304962 
-002490 
-001248 
.000937 
.0C0850 
.000612 
-004528  

.onc749 
-004693 
-001793 
.000971 
.o r0861  
C 00754 

-004248 
.000445 
-00 10 53 
.001406 
.001633 
.001213 
-000025 
.000758 
,004055 
.001509 
-000993  
0000697 
.003603 
.001448 . .. . 
.000855 
.000653 
.001124 
.001274 
.003706 
-003201 

(j) 01 = 20' - Concluded 

B = 10'; Tw = 387' K; pt = 278.5 kN/m2 

-96498 
-98276  
-08682 
.98783 
-98776 
-98856 
-98436 
-97236 
-96092  
-96310 
-96317  
-95835 
-94389  
-91738 
-91211 
-91882 
-92537 
-93441 
-97010 
-92220 

-94141  
.94954 
* 93004 
-01866  
-91249  
-91671  
.92296 
-94148 
-94525 
-9475 1 
-92567 
-91829  
-91656 
-91460 
-91497 
-94661 

.a2582 

. ~~. 
-92612 
.O2326 
-91949  
-91589 
.9  1844 
-05128 
-92883  
-92446 
e92213 
-91927 - 55489 
-92507 
.94999 
-95052 
-92702  
.92507 
-92303  
a 92 100 
-95760  
-92778 
a92439 
-92341  
.95798 
.92567 
-92522 
-92906 
-94480 . $4450 
-95564 
-94736 
.94344 
-93923  
-95052 
.95120 

T,, OK 

350.3 
359. 6 
359.5 
356.2 
352.8 
352.7 
351.6 
346.1 
336.2 
328.1 
325.4 
322.2 
336.0 
309.1 
297.5 
300.1 
301.0 
302.2 
311.6 
305.0 
302. h 
305.4 
397.2 
322. 6 
308.7 
303.9 
299.7 
299.9 
306.2 
307.6 
337.9 
315.4 
310.0 
302.2 
301.1 
299.9 
337.2 
320.8 
313.4 
303.5 
302.5 
301.3 
337.2 
319.2 
307.5 
333.2 
391.4 
336.3 
303.0 
316.3 
316.6 
317.0 
311.0 
310.0 
301.9 
334.9 
315.8 
309.1 
302.1 
333.7 
317.2 
308.0 
308.4 
311.2 
310.4 
333.3 
327.5 
323.0 
313.3 
316.9 
316.7 

h 
(4 

389.0 
457.0 
423.5 
361.2 
313.2 
295.6 
318.0 
305 9 
239.2 
135.6 
109.1 

96.8 
273.7 
114.7 
27.3 
29. 5 
23.1 
12.2 
4.8 

53.0 
34.3 
21.4 
16.2 

199.8 
118.8 
51.2 
35.7 
23.9 
25.3 
29.1 
294.8 
145.7 

71.4 
51.9 
47.9 
38.9 

291.9 
12". 9 

81.9 
58.9 
50.4 
40.9 

276.7 
105.3 

53.7 
47.9 
41.1 

249.7 
24.5 
69.5 
74.1 
97.0 
66.2 
54.0 
41.3 

240.3 
88.7 
56.1 
38.4 

214.4 
85. 8 
47.7 
37.1 
47.8 
45.6 

218.3 
190. 6 
157. 6 
75.5 
71.0 
56.9 

NSt 

-005453  
.OCb4C7 
.oc5537 
.005064 
.OC4351 
-004144  
. cc4457  
-004289 
-00335L 
.CC15C1 
,001530 
.001357 
.003837 
. O C l t C B  
1OOC382 

O C C 4  13  
.000324 
-0 C C  172 
-0CCC67 
.OC0?44 
. 0 0 0 4 8 1  
.OCC?Cl 
.OCC228 
.0028C1 
.CClCC$ 
-0C0717 
.OCC500 
. o r0335  
.OCC354 
. O C 0 4 0 8  
eOC4132 
.002043 
.OC10' )0 
-0CC728 
.000671 
-0CC545 

.OCC706 
-0 O C  574 
.PO3879 

C C 1 4  76 
.occ753  
.OCC671 
-0CC576 
.CO3500 
.00C?44 . OC09 74 
. 0 0 1 0 3 8  
.001360 

CJ CC927 
.occ757 
-00C578 
00 3369 

-001244  
.000787 . O C O J 3 9  
.C03006 
;OCl203 
.000C69 
. O C C P Z O  
.000671 
-000639  
.@C9C69 

OCZC72 
m0022C9 
.C01C59 
-00C996 
.COG798 
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
EASED ON MODEL LENGTH OF 3.0 x 106 - Continued 

r h e r m o  
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
17  
1 8  
19 
20 
21 
22 
23 
2 4  
25 
26 
27 
2 8  
2 Q  
33 
31 
32  
37 
34  
35 
36  
37  
39  
39  
46 
41 
42 
4 3  
4 G  
0 5  
46 
47 
6 8  
09  
50 
5 1  
57 
5 3  
54  
55  
5 6  
57 
58 
59  
60 
61 
62 
63  
64  
65 
6 6  
6 7  
68 
69 
7 0  
71 

= -10'; Tw = 388' K; pt = 278.8 kN/mz 

. 95240 

.97754 
-98560  
.98754 
- 9 8 8 6 2  
-99050 
-98992  
-98243 
.97366 - 97456 
-96759 
-96018 
-93218 
-91017 
* 90590 
-91092  
-92275 . 94319 
-95097 
-91047  
-91916 
.94259 
-93840 
-92866 
-91661  
.90893 . 90733 
-91219 
-92986  
-92170 
.95030 
.93473 
.93024 
-92739 - 92440 - 92200 
-95711  
.94439 
.94221 . 93870 
-93727 
.93578 - 96812 
-95000  
-94649 
-94401  
-94147 
-97276  
-95135 
.96001 
-95315 
.94985 
.94850 
-94641 
.94558 
-97576 
-95105  
-94880 
.94888 
-97650 
-95127  
-95157 
-95636 
.95449 
-95464  
-97804  
-97321  . 96984 
-95689 
- 9 6 2 4 3  
-95629 

a h m e a s u r e d i n  

362.7 
370.9 
369.0 
366.1 
363.2 
363.8 
3h5.1 
362.4 
354.0 
343.5 
336.9 
332.3 
334.8 
307.7 
2 9 P . O  
299.9 
302.6 
307.8 
309.7 
297.8 
2?9.@ 
306.5 
305.3 
329.4 
3 1 4  8 
305.@ 
301.2 
300.0 
310.6 
309.7 
360.8 
331.4 
321.0 
316.7 
314.4 
310.8 
354.6 
333.2 
326.6 
321.1 
318.7 
315.5 
357.9 
332.3 
322.9 
319.0 
31t.5 
157.6 
319.3 
339.0 
340. t 
330.4 
324.6 
321.1 
317.5 
356.0 
329.5 
322.8 
319.0 
355.1 
330.4 
324.3 
325.6 
322.0 
327.8 
357.2 
353.6 
349.1 
332.9 
332.8 
328.8 

"2- sec -  OK 

h 

(a) 

04.2 
341.2 

477.4 
014.4 
359.7 
347.1 
392.1 
399.9 
332.4 
195.7 
153.1 
136.9 
243.0 

94.3 
29.0 
26.9 
20.5 
13.7 
12.0 
20.9 
13.0 
16.6 
15.6 

218.7 
144.4 
75.6 
51.6 
31.6 
t4.4 
78.9 

315.8 
216.1 
135.5 
100.8 
91.6 
72.7 

385.7 
214.2 
155.4 
115.1 
98.1 
77.1 

393.9 
185.9 
107.3 

92.6 
74. 6 

365.2 
67.6 

195.6 
237.3 
170.7 
118.9 
99.4 
73.9 

355.8 
161.5 
107.7 

77.8 
322.2 
165.4 
109.4 
100.1 

74.2 
111.2 
347.1 
323.6 
281.8 
143.3 
142.4 
120.8 

Nst 

-004781 
-006925 
.@Ob690  
-005  80 8 
.@05041 
.C@4864 
e005495 
.@05604 
-004658 
.0027&3 
.CO2146 

C01919 
-003405 
.001321 
.OOC436 
.COO376 
.COO287 
,000193 
.000169 
.COO293 
.@00183 

.@@2024 
;cc iobo  
.COO723 
-000443  
.COO902 
.C01105 
.0@4424 
~ O C 3 0 2 8  
.001899 
.001413 
.001283 
.@01018 
mC05405 
.@03002 
.CO2178 

C, C 16 1 3 
-001375 
. C O l O 8 O  
aCC5521 
.@02606 
.C'0150& 
.C01297 . C01045 
.'?05118 - C. 00947 

C02741 
-003326 
-002393 
.COl666 
~ 0 0 1 3 9 2  

.004986 

. c o i r 3 6  

.GO2263 
.C 01510 
;001090 
-004515 
.002318 
-001533  
.C01403 

O C  1040 
e001558 
-004864 
,004535 
-003949 
.002009 
001 99 6 

,001694 
._ 

(k) LY = 30' 

,4 = -5'; Tw = 389' K; pt = 277.9 W/m2 

T e  

T t  
- 

-05612 
-98146  
-98925 
-99141 
-99214 
-99372  
-99293 
.98557 
-97690 
.97795 
-97082 
-96279  
-93518 
-91328 
-90968 
-91403  
-92385  
.93181 
-84629  
-91433 
-92003  
.92558 
a 94299 
-93008 
-91838  
-91058 
-90953  
-91283  
-92513  
-92528  
-95019 
.93338 
-92828 
e92566 
-92213  
- 9 1 9 8 8  
.955¶7 
-94119 
.?3908 
m93518 
a93361  
.93181 
a96639  
-94659 
-94261  
-93991 
-93683  
-97104  
-94689  
.95784 
-95124  
-94606  
.94434 
-94231  

94089 
-97420 
-94719  
.94434 
.94434 
.97487 
-94704 
m 94689 
-95154 
-95049  
-95169 
,97600 
n 97089 
~ 9 6 7 4 4  
m 9543 1 
,96009 
,95416 

T,, 

358.9 
371.0 
376.3 
367.2 
364.5 
364.9 
366.0 
363.5 
355.1 
344.6 
337.9 
333.2 
335.7 
312.3 
299.3 
302.0 
304.3 
305.9 
3C9.6 
299 a 3 
299.1 
300.7 
306.2 
328.3 
313.7 
393.7 
300.5 
298.8 
306.7 
308.5 
351.5 
328.3 
317.6 
313.6 
311.3 
308.0 
359.1 
329.5 
322.9 
317.6 
315.2 
312.2 
355.4 
328.8 
319.6 
316.5 
313.1 
355.3 
316.1 
334.7 
335.8 
326.8 
321.1 
317.8 
314.0 
353.7 
325.8 
319.3 
315.4 
352.8 
326.4 
320.5 
323.5 
320.4 
323.9 
354.7 
350.9 
346.4 
330.0 
330.0 
326. 8 

h 

(4 
314.1 
416.8 
400.8 
365.3 
328.1 
316.2 
357.4 
364.9 
308.1 
187.3 
147.7 
130.9 
220.9 

94.2 
29. 3 
30.2 
26.7 
22.7 
18.9 
24.2 
12.4 
15.5 
14.5 
190.9 
126.3 
61. 3 
43.5 
23.8 
50.6 
63.1 

291.4 
180.7 
111.0 

82.5 
70.9 
59.0 

312.0 
178.9 
129.7 

95.9 
81.5 
63.2 

327.8 
157.0 

89.8 
77.3 
61.5 

311.0 
57.5 

158.1 
186.3 
144.8 
106.4 
84.4 
61.5 

307.1 
129.8 
90. 5 
60.7 

!78.4 
137.8 
91.2 
94.8 
73.8 
86.0 

101.7 
!EO. 0 
!46.0 
.24.8 
123. b 
104.8 

Nst 

-004422 
.OC5Eb8 
.005 t43  
- 0 0  5 144  
.@C4t19 
-004452  
eOC5031 
- 0 C 5 1 3 8  
-004  337 
rCOZt37 
.@CiC79 
.001842 . O C ?  110 
.001926 
r o c c 4 1 3  
-000425  
-000376 
.000220 
.000266 
.30C341 
-0CC175 
eOCC219 
.CCO2G4 
.OC2t88 
.CO17?9 
.00C@hZ 
. 0 0 0 t 1 3  
aCC0335 
.OCC713 

.004103 
0 02544 

eOC15t3 
.C01162 
qOOlC55 
.@C0830 
aOC4992 
. C 0 2 5 1 8  

.OC1350 
.001148 
. C C C E S O  
.CC4tlE 
. O C i i l O  
~ 0 0 1 2 6 5  
s C O  1C 89 
nCCOe66 
-0C4378 
. 0 0 0 8 0 9  
.OC2i26 
hOCit23 
s OC2 039 
,001497  
. @ C l l € B  

bOC4323 

bOC1274 
bOOCE55 
,@C3919 
bOC1940 
,001284  
,001195  
8C01039 
too1211  
8004247 
OC3542 

8C034t3 
001757 
OC1740 
001475 

.ooceas 

. o c i e z b  

, o c o e b 6  

. o o i e 2 7  

P = 0'; T = 389' K; p = 278.8 W/m2 
W t 

Te 
T t  
- 

.95538 
-98052 
.98849 
-99052 
-99160  
.99319 
, 9 9 2 f 4  
.98545 
- 9 7 6 9 1  
-97856 
,97126 
.96366 
.93415 
.91239 
.90961 
.91443 
- 9 2 8 9 6  
-94258  
.94379 
,91473  
-92625  
-948CO 
-94251  
-92677  
,91608 
.90916 
.90991 
,91766 
.93776 
-92805  
.94589 
.92813 
.92248 
-92067 
-91766  
-91669  
-95131  
.93430 
-93189  
.92843 
.92753 
.Q2617 
.960 20 
.93965 
.93528 
,93302  
.93054 
, 9 6 5 0 1  
.94281 
,95402  
.94875 
b 93874 
,93701  
, 9 3 5 3 5  
,93430 
,96833  
,94017  
,93746  
,93776 
, 9 6 9 0 8  
, 9 4 0  10 
,93972  
t 94490 
,94364  
,947C2 
,97036  
96501 

,96153  
94921  
955C8 
95131  

Tw, 

349.5 
365.C 
367.1 
364.1 
361.2 
361.6 
362. q 
360.6 
352.1 
342.0 
335.3 
330.9 
332.6 
309.5 
299.3 
301.1 
304.6 
307. 5 
307.5 

30C. 1 
306.5 
304.7 
323.1 
316.9 
302.1 
2OQ. 6 
298.9 
309.3 
305.5 
341.8 
321.1 
310.7 
307.6 
305.7 
303.2 
346.3 
321.6 
315.6 
31C. 5 
3C9.0 
306.6 
348.6 
321.1 
312.8 
310.3 
307.4 
34804 
311.7 
327.0 
328.2 
323.8 
317.6 
311.3 
308.1 
346.8 
322.7 
315.6 
309.5 
345.9 
318.9 
316.8 
316.4 
317.3 
318.4 
347.8 
343.9 
339.4 
324.1  
324.2 
321.9 

rse. 6 

h 

(4 
357.0 
469.5 
461.2 
399.9 
351.2 
337.0 
380.5 
392.0 
323.3 
193.5 
151.0 
135.8 
236.2 

93.9 
31.2 
33.4 
30.1 
23.3 
22.3 
29. 5 
14.7 
14.7 
14.8 

191.6 
122.0 
54.9 
37.3 
20.1 
41.4 
52.1 

29b05 
169.8 

96.8 
71.6 
64.7 
49.9 

323.9 
162.6 
113.8 

83.3 
70.6 
54.0 

334.0 
141.6 
79.2 
67.7 
52.2 

310.1 
52.8 

130.0 
154.0 
128.2 

90.8 
72.4 
51.3 

301.4 
118.6 
76.3 
51.0 

272.6 
121.3 
76.6 
80.1 
57.4 
82.7 

294.1 
T71.0 
233.9  
116.0 
113.6 
94.9 

005004 
-006582 
C06465 

.005606 . C04924 

.004724 
-005333 
-005495 
-004532 
.002712 
.0@2117 
-001904 
.003311 
-001316 
.00043P 
-000469 
.000421 

OOC326 
.000312 . OCOL13 

OC0206 
.OO0206 . OC0207 
-002685 
.00171C 
.00@769 

COO523 

.C@058@ 

.COO730 
aOC4156 
.002380 
-001357 
.001003 
.000908 . CC0700 
-004540 . C02279 
.001595 
-001168  

OG059C 
.O@C757 

. 0019Pt . co 11 10 . 0OOc49 

.000732 

. to4347 
, 000740 
a 0 0 1 8 2 3  
.002159 
,001797 
nC01272 
.001015 
,00071Q 
I 004225 
, C01662 
.OO 1069 
B 000715 

I 001701 

.0002e2 

.oo+ tez  

,003e20 

,001074 
I 001123 
.000804 
,001159 
,004122 
-0C379P 
I 003278 
,001625 
,001592 
,001331  
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rhermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
1 2  
13 
1 4  
15 
16  
17  
18 
19 
20  
2 1  
22 
23 
24 
25 
26 
27 
2 8  
29 
30  
31 
3 2  
33 
34  
35 
3 6  
37  
30 
39 
49 
41 
4 2  
4 3  
4 4  
45 
4 6  
4 7  
4 0  
4 9  
50 
51 
5 2  
53 
54  
55  
56  
57  
5R 
' 9  
60  
6 1  
62 
63 
64  
65 
66  
67  
6 0  
69  
70 
71  

TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(k) (Y = 30' - Concluded. 

p = 5'; T = 388' K; pt = 278.4 kN/m2 
W 

-95609 
-90091  
-98868 - 99070 

99144 
-99296  .~ 
-99216 
-90534 
.97676 
.97737 
.96982 
-96250  .~ 
-93451 
-91240 
.90908 
.91376 
-92410  
-93707 
.96235 
.91444 . 92191 
.94092 
.93760 
-92405 .~ 

91466 

-91002 
.91625 
-93390 

-90840 

-92696  
-94303 
-92410  
-91006 
-91670 
-91391  
-91293 . ~~ ~ 

-94711 
-92862 
-92606  
-92236 - 92168 
-92047 
.95533 
-93345 . 92805 
-92651 
-92394 
-96046 
.93677 
- 9 4 5  22 
.94650 

93217 
-93028 
-92040 
-92742 
.96340 
.93345 - 93043 - 93009 
-96409 - 93360 
-93270 - 93722 
-93406 
-94205  

96560 
.95994 
-95707 

94311 
-95013 
-95540  

347.4 
362.3 
364.7 
361.7 
350.0 
359.1 
360.3 
358.2 
349.0 
339.7 
333.1 
328.8 
330. 5 
312.0 
296.4 
299.6 
301.7 
304.0 
312.0 
299.4 
2 0 0 . 9  
304.2 
303.4 
319.3 
3 1 3 . 6  
297.6 
300.2 
290.5 
304.8 
303.2 
337.1 
315.7 
335.9 
303.6 
3q1.9 
299.9 
340.7 
315.6 
317.5 
306.1 
304.5 
302.5 
342.0 
315.5 
307.9 
305.6 
303.0 
342.6 
300.3 
319.0 
321.1 
313.5 
315.0 
306.3 
303.6 
341.1 
320.4 
307.6 
300.7 
340.2 
313.1 
300.7 
300.1 
307.1 
314.9 
342.1 
330.0 
333.7 
319.3 
320.0 
321.4 

h 

L 
377.9 
494.9 
470.9 
399.4 
353.3 
337.3 
385.3 
3q6.4 
324.6 
195.2 
151.7 
136.3 
244.2 
94.3 
26.0 
31.9 
27.3 
21.5 
17.3 
37.9 
20.3 
14.2  
16.2 

179.2 

42.4 
35.3 
19.0 
35.6 
42.6 

293.0 
149.1 

00.7 
60.0 
54. -l 
42.3 

317.5 
139.5 

97.5 
69.9 
58.7 
45.1 

312.6 
122.0 

65.6 
56.3 
42.0 

2860 5 
46.6 
100- 5 
117.0 
110.9 

77.7 
59.7 
40.9 

279.2 
103.1 

64.5 
43.4 

251.0 
102.9 

64.6 
56.3 
43.5 
BO. 0 

271.1 
240.2 
211.8 
106.2 
100.1 

00.7 

106.9 

Nst 

-005303  
.006?46 

00672 1 
.C05605 

004959 
.00473& 
.C05400 
-005564 
-004556 
.CO273S 
.002129 
-001913 

C03428 
~ 0 0 1 3 2 4  
- 0 0 0 3 t 5  
-0 00440 
.000304 
.COO301 
.000243 
.000531 
-000285 
.000199 
.COO220 
.002515 
.OOi500 
.COO595 
-000496 . C 00 267 
.300500 
-000599 
-004124  
.002093 
-00 113 2 
.000042 
.000760 
-000594 
.0044s6 - ~ .  . .. ~ 

-001957 
-001370 
.000991 
.000024 
-000633 
-004307 
mC01712 
.000920 
.OOC790 
.000600 
.004021 
~ 0 0 0 6 5 4  
.001410 
.001f 54  
.001556 
-0 0 1090 
.000839 
-000574 
-003919 
-001447 

000 90 5 
.000609 
-003534 
-001444 
.000907 
.000790 
.000tll 
.001135 
.003005 
.003404 
-002973 
-001490 
.001405 
e001133 

p = 10'; Tw = 389' K; pt = 277.5 kN/m2 

-95007 
e97527 
.90201 
-90505 
-90577  
-98736 
-90657 
. 9 0 0 2 1  
-97197  
.97102 
-96460  
.95060 
-92977  
~ 9 0 0 6 0  
-90544 
-91055 
-92166 
-94133  
-95229 
-91235  
-92031  
-93427  
.93112 
-91866  
-90995 
-90529  
.91055 
- 9 1 0 2 0  
-92932 
-92737  
.93533 
-91640  
a 91005 
-91055 
-90067  
-90920 
-93708 
-91933  
-91701  
-91400  
-91400 
-91363  
-94569 
-92304  
,91926 
-91731  
-91580 
-95042 
-92962 
.93533 
-94381  
-92234 
-92031  
-91866 
- 9 1  036 
-95350 
-92316  
-92046 
-92151  
-95432  
-92354 
-92264  
-92556 
-91956  
.93127 
-95567 
-35034  
.94771 
a 93241  
.94554 
-95012  

346.3 
360.6 
362.9 
359.9 
357.1 
357.3 
350.4 
356.3 
340.3 
330.2 
331.0 
720.1 
329.8 
304.4 
296.0 
2C 0.4 
300.3 
305.2 
308.6 
301.9 
301.6 
303.4 
303.1 
317.1 
307.9 
297.0 
298.4 
299.0 
303.9 
303.9 
333.7 
312.1 
302.0 
301.2 
300.1 
290.7 
335.3 
311.4 
306.2 
303.0 
301.7 
300.2 
3 3 0 . 2  
311.3 
304.5  
302.5 
300.3 
337.0 
306.5 
311.7 
313.9 
309.4 
305.1 
3 0 0 . 9  
300.7 
336.6 
308.6 
304.0 
301.8 
335.7 
308.7 
304.9 
307.4 
301.6 
300.7 
337.4 
333.4 
329.3 
314.9 
320.1 
327.9 

~~ 

h 
(a) 

340.0 
446.0 
437.6 
376.9 
334.1 
317.5 
356.9 
365.7 
304.5 
103.4 
142.0 
120.7 
230.9 

05.7 
25.0 
26.4 
10.7 
10.4 
12.9 
45. 6 
2q.7 
17.5 
10.9 

160.5 
92.5 
37.0 
33.3 
20.0 
30.4 
35 -6 

257.9 
130.0 
60.6 
49.5 
45.2 
34.3 

272.5 
114.5 
73.0 
56.6 
47.6 
35.5 

277.6 
97.0 
50.4 
44.8 
31.4 

255.4 
41.2 
62.4 
57.9 
86.7 
57.0 
49.6 
29.2 

240.0 
77.2 
46.9 
29.0 

223.1 
76.9 
47.0 
38.5 
29.7 
54.6 

230.2 
216.7 
104.2 
91.3 
93.9 

130.1 

Nst 

-0C45CB 
.OCt290 
.OCt171 
.005315 
-0C4712 
.0C4470 
e005033 
.CC9150 
,004 294 
-002587  
.002013 
.001015 
.003256 - O C  12C9 
.ooc353 
.occ373  
.000263 . O C C  147 
. O C 0 1 8 1  
.Or0643 
- 0 a c 4 i q  -... .. 
.000247 
.OOC267 
-002376 
.0@1304 
.OOCE22 
.CCC470 
.COC282 
-0CC429 
.000502 . c c 3  c37 
-0C1833 .~~ 
-000855 
.OCCt59 
. O O C C 3 9  
.OCC4€3 
.003043 . CCl t14  

.OC1915 
-001379 . . ~ ~ ~  

OCC7 11  
. O C O t 3 1  
. occ443  
.003.502 . OCC5 E l  

.000016 

.0C1223 

.OC0004 

.OOC659 
aOCC411 
. 0 0 ? 5 0 0  
. O C l O B B  
.OCCC61 
.00C421 
003 147 

.001C85 

.OCCtl4 

.000543 

.000419 
. O O C 7 7 0  
.OC33t0 

003C 56 
-082557 
.OO 12  00 
.001324 
aOC1547 

. o c c ~ - ~  

h 

(a) 
Nst  

a h measuredin i/ m2- sec- OK 
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TABLE II.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

Therm0 
couple 

I 
2 
3 
4 
5 
6 
7 
R 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
19 
20 
7 1  
22 
23 
7 4  
25 
26  
27 
78 
29 
30 
3 1  
32 
33 
3 4  
35 
36 
37 
38 
39 
40 
41 
42 
43 
44  
45 
4 6  
47 
4R 
49 
5 0  
5 1  
52 
53 
5 4  
5 5  
56 
57 
58  
5 9  
60  
€1 
6 2  
63  
64  
65 
66  
67  
68  
69 
7 0  
7 1  

. -. 

@ = -10'; Tw = 389' K; pt = 277.9 kN/mZ 

'e 
Tt 
- 

_ _ ~  
-94464 . 97505 
-98653  
-98970  
-99128 
.99388 
-99618  
.99373 
-98927 
.98538 - 97940 
-97860 
-92576 
.91018 
-91295  
-92816 
-94936  
-92082  - 94059 
-92546  

93909 - 94756 
.94988 
-92389  
-91497 

91295 
-91685 

9 2 t  51 
-93512  
-93333 
.94374 
-93295 
-93183 
-93138 
-92981  
-92883  
-95452 
* 94599 
-94464  . 94239 
-94194  

94149 
96951 

.95224 

.94973 
-94823 
-94718  
-97535 
.96007 
-96306 
.16344 
-95295 
-95160  - 95093 
-95153 
.97875 
-95430 
.95333 
-95408  
-98005 
-95730  - 95602 - 95430 
m95123 
-96089  
.go494 
-98293 
-98163  
a 96359 
.97055 
-97198 

T,, OK 

345.9 
356.0 
370.1 
358.0 
356.0 
356.8 
359.9 
3601 8 
355.6 
344.6 
338.6 
336.2 
320.4 
303.7 
298.1 
302.3 
309.1 
312.9 
306.6 
300.9 
305.0 
307.9 
309.4 
316.9 
309.9 
304.4 
301.7 
303.7 
1CR.2 
310.2 
344.8 
322.0 
316.9 
113.5 
31 2.0 
308.9 
353.1 
326.2 
321.3 
317.7 
315. B 
312.9 
359.8 
326.4 
315.4 
315.9 
314.2 
349.8 
319.9 
334.4 
336.6 
325.2 
320.8 
317.0 
316.1 
348.6 
324.6 
319.4 
318.7 
348.4 
326.9 
321.7 
319.7 
319.2 
3?7.9 
352.3 
351.0 

331.9 
332.5 
331.6 

34e. i  

h 
(4 

313.5 
533.4 
481.7 
414.0 
367.5 
353.7 
413.6 
455.1 
393.8 
239.7 
185.9 
163.5 
191.7 

59.8 
18.4 
13.1 
13.9 
34.1 
17.5 
13.4 
11.5 
13.9 
16.4 

172.3 
101.5 
63.0 
43.1 
31.9 
42.6 
72.1 

297.1 
187.7 
125.0 

96.5 
87.6 
63.5 

364.2 
191.5 
141.0 
108.1 

90- 6 
65.1 

390.2 
167.5 

97.9 
82.0 
62.1 

361.6 
58.5 

109.8 
225.1 
154.3 
113.9 

87.C 
68.1- 

349.2 
146.2 

94.9 
77.7 

319.2 
157.8 
106.4 

85.9 
91.7 

131.0 
359.3 
349.9 
310.5 
164. 8 
160.3 
134.9 

Nst 

-004417 
-007516 
,006787 
-005834 
-005179  

0 049 8 5 
a005829 
-006412 
.005549 
-003377 
.002619 
-0023C3 
.002701 
.COO843 
-000259 . OCO185 
.000196 
~ 0 0 0 4 R O  
-000 24 7 
.000189 
.000162 
.000196 
,000231 
-002428 
.001430 
sC30845 
-000 60 8 
.000450 
.000600 
-00  1C 16 
-004187 
-002645 
-301761 
-001360 
-001234 
-000894  
-005132 
-002699 
-001987  
a001523 
0') 1276 . ~~ 

.COO917 
-005499  
moo2360 
-001380 
.001155 
.COO875 
.005082 
.000824 
eCO1547 
-003172 
.002174 
-001605 
-001226 
-000964 
.004921 
.002060 
-001337 
.001094 

C 04499 
.002223 
.001500 
.001292 
.eo1210 
.001845 
-005064  
.004Q30 
-00437 6 
-00 23 22 
-002258 
.'301901 

Te 
Tt 
- 
.. 

-94756  
-97810 
- 9 8 9 8 0  
-99306 
.99443 
-99682 
-99920  
-99675 
-99210 
.58850 
.98221 
- 9 8 1 4 1  
-92741  
-91078  
.911P4 
-92380  
-94628 
-93297 
.93 944 
-92342 
.94335 
-95368 
.95734 
m92425 
-91522  
-91161  
.91627 
-92966  
-94004  
,93944 
.94335 
-93071  
-92831  
-92801  
-92583  
m92560 
-95 237 
-94139 
.94004 
-93696 
-93673 
-93673  
-96697  
.%e09 
-94463 
-94290  
-01-139 
-97283 
.95478 
,95704 
-96155 
-94711  
-94606 - 94530 
-94576 
.97599 
-94922 
-94786  
.94914 
-97780  
-95207 
.95012 
.94922 
-94561  
-95802 
-982P6 
m98013 
-97915 
-96110  
-95772 
.97178 

~ 

T,, O: 

353. i 
369.E 
375. c 
376.1 
358.1 
359.4 
362.4 
363.4 
358.2 
346.6 
340.3 
337.5 
322.5 
304.1 
298.6 
300.4 
307.8 
305 9 5 
306.1 
300.2 
305.3 
308.7 
311.3 
317.3 
309.2 
302.4 
300.0 
304.2 
309.3 
310.5 
350.1 
320.5 
313.3 
310.7 
308.8 
305.7 
356.8 
324.0 
318.7 
314.3 
312.4 
309.2 
363.7 
324.2 
316.3 
313.5 
310.3 
349.1 
316.6 
324.8 
332.6 
322.2 
321.0 
314.5 
312.5 
347.9 
326.2 
319.2 
315.1 
347.5 
323.7 
321.6 
316.3 
315.4 
325.1 
351.4 
349.9 
347.1 
330.3 
330. b 
330.6 
- 

h 

(4 
267.2 
380.5 
409.1 
373.6 
366.0 
353.2 
416.0 
458.3 
398.2 
240.3 
187.9 
1 6 5 0 0  
197.3 
70.4 
25.3 
19.1 
19.1 
30.2 
22. 8 
16.9 
12.6 
12.7 
17.6 

169.9 
103.6 

56.6 
38.4 
27.6 
36.2 
64.4 

241.8 
173.9 
110.0 
8 2 0 4  
73.5 
51.5 

287.3 
180.9 
130.1 

95.3 
79.0 
54.7 

322.2 
158.3 

8 8 . 1  
72.3 
54.3 

338.0 
56.8 

111.9 
178.1 
144.6 
103.9 

77.8 
60.4 

331.1 
137.4 

85.7 
69.4 

299.6 
145.0 

96.3 
80.9 
76.5 

123.1 
339.3 
329.2 
294.6 
152.1 
1 4 9 . 8  
125.7 
__ 

NSt 

-0C3752 
.005342 
-005744  
-0CE245 
.005138 . OC4C58 
-0 0 5  E 40 
- 0 C t 4 3 4  
. 0 0 5 5 3 1  
.CO3374 
.00it38 
.002316 
.OCi710 
.OCCS99 
.OCC?56 
.')OC268 
-0CC269 
-000424  
.oco220 
.OGC2?7 
-0OC177 
.OCC 178 
.OCC247 
.OCi386 
,001455 
.occ7s4  
.00CE?9 
.00C388 
.000508 
.CCC505 
.oc3345 
-002442 
-0C1545 
.PO1157 
.oc1031 
.000723 
-0C4033 
- 0 C 2 5 4 0  
.001827 
.OC1?38 
.co11')9 
.OCCl68 

OC4E23 
.oc2222 
.OC1237 
.C01015 
eOCC753 
.OC4746 
.OC0758 
.OC1571 
.OC25CO 
.OC2030 
.OC1459 
.001C92 
.OCOE48 
. 0 0 4 6 4 8  
-0 C 1929 
.OC1203 

-004207  
. O C O C ~ ~  

.@02035 
-001352  
-00 1 1  36 
.001074 . CC1129 
.004764 
.004 t22  
.004136 
.PO2135 
.002103 
- 0 0 1 7 6 4  
__ 

.- 

@ = 0' T = 389' K; p = 279.3 kN/IK12 
W t 

Te 
Tt 
- 

-94636  
-97709  
-98867  
.95172 
.99339 
- 9 9 5 8 6  
-99826  
-99622  
.99187 
- 9 8 8 2 4  
-98215  
.98125 
- 9 2 6 1 3  
-90876  
-90778  
.91344 
e92431 
-92054  

a91223 
.928tZ 
-94636  
.95784 

92069 
,91193 
a90687  
a90770 
e92099 
.93700 
a94289 
a93896 
e92477 
-92107  
e02024 

91 790  
-91752  
.94795 
r 9 3 4 1 3  
~ 9 3 2 0 2  

92900 
,92854 
.92854 
. 9 6 0 7 8  
,04017 
,93639 
,93488 
,93428 
,96645 
,94682 
194946 
,95799 
,94002 
,93836 
193760 
,93866  
,96977 
, 9 4 1 8 3  
,94047 
, 94101  
, 97113  
,94440 
, 94244  
94093 

,93760 
95255 

,97657 
97385 
97264  
95550 

,96 177 
97030 

.947e7 

_ _  - - 

Tw, '% 

347.0 
365.5 
370.7 
370.0 
360.0 
360.8 
363.9 
365.0 
359.7 
347.7 
341.2 
3 3 8 0 2  
33C. 5 
303.2 
295.5 
256.9 
303.5 
2Q9. 5 
3090  1 
295" 4 
299.0 
305.4 
310.0 
315.3 
306.7 
299.0 
295.8 
298.4 
307.2 
309.9 
341.1 
316.8 
308.8 
306.1 
304.2 
300.8 
348.1 
319.9 
314- 1 
309.8 
307.7 
304.4 
354.1 
319.9 
311.6 
308.9 
307.7 
346.7 
313.3 
318.7 
327.0 
318.0 
312.9 
310.0 
308.4 
345.6 
317.4 
314.3 
311.0 
344.9 
31% 2 
316.6 
311.3 
310.5 
320.2 
349.0 
347.1 
344.2 
327.3 
327.7 
330.1 

h 

(a) 
270.0 
374.4 
393.4 
359.8 
324.4 
313.5 
36% 3 
400.2 
353.0 
222.0 
174.5 
153.9 
180.7 

68.7 
22.4 
19.7 
24.5 
21.9 
25.1 
18.5 
10.9 
13.2 
18.8 

14% 8 
90.5 
46.0 
31.6 
22.1 
34.4 
51.8 

233.1 
145.9 

88.5 
65. 5 
57.7 
37.9 

265.0 
151.4 
106.9 
77.2 
62.5 
41.3 

298.1 
133.7 

72. 5 
5 8 . 8  
42.0 

282.2 
54.8 
81.2 

122.2 
121.2 

85.3 
t3.1 
48.6 

291.4 
112.9 

68.9 
57.8 

256.2 
119.4 
77.7 
62.8 
60.7 
92.4 

286.0 
277.7 
250.0 
129.4 
1 2 8 .  t 
112.8 

N s t  

.00378 
-00524  
-00551  

00503 
.00454 
-00439 
.C0515 
.00560 
-00454  
.00310' 
-00244  
.CO215 
-00253  

COO96 
.00031, 
.COO27 
-00034  
-0003C . 000 35 
.00025' 
-000 15:  
. C O O 1 8 '  
-00026:  
-002091 
.00126, 
.000641 
.00044' 
.00030' 
.00018;  
.000721 

C0326' 
.00204d 
.00123' . OOO"1' 
.00080! 
.coo531 
-0037 1 1  
.CO212( 
.00149; 
.001081 

COO871 
.OO057€ 
.004171 
.001P73 . c0101: 
.00082& . 000585 
.003953 
-00076E 
-00  113 t  
.C01712 
.001697 
. G O 1 1 9 5  
.C0088L 
.00068C . C03941 
.001581 
.COO965 
,000810 
,003587 
.001673 
m001089  
,000879 
s COO850 
.OO 1294 
,004005 
,003889 
I 003501 
.001812 
, CCl800 . CO 1580 

-. __ 
a h measured in J/m2-sec-'% 

34 



Therm0 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
14 
1 5  
15 
17  
I 8  
10 

21 
22 
23 
2 4  
25 
26  
27 
2R 
29 
3') 
3 1  
32 
9 3  
3 4  
35 
3 6  
37 
36  
3 9  

4 1  
42 
4 3  
44 
45  
46  
47 
4 5  
4 9  
50 
5 1  
52  
53  
54  
55  
56  
57  
5 8  
59  
60  
6 1  
62  
6 3  
6 4  
6 5  
6 6  
67  
6 R  
6 9  
7 0  
71 

a h  

2n  

40 

TABLE E.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL KEYNOLDS NUMBER 
BASED ON MODEL LENGTH O F  3.0 x 106 - Concluded 

(1) (Y = 40' - Concluded 

p = 5'; Tw = 389' K; pt = 279.3 lcN/mZ 

.94455 
-97486 
.98608 
.98920 
-99072 
.993 11 
-99565 
-99376 
.a8956 
-98564  
-96006 
-97968 
-92427  
-90708 
.90625 
-91379 
.93622 
-93468 . ~~ . 95872 
.91228 
.92706 
-92955 
-95262 . 91726 
.90912 
-90482 
.90701 
-92050 
-92585 
-94267 - 93430 
.91922 
-91522 
.91477 
.91259 
-91289  
.9'-161 
-92661 
-92450 
.92148 
-92133  
.92193 
.Q5345 
.93241 

92827 
-92663 

92663 
.95916 
.?4?14 
-94018 
-95307  
.93158 
-92993  
-92932 
.93083 
-96264  
.93339 
- 9 3  196 

93400 
-96400  
.93626 
-93370  
.?3158 
-92706 
-94440  
-96913  
-96649  
-96536 
-91602 
-95631  
-96732  

asured in 

Tw, OK 

348.4 
366.7 
371.9 
371.1 
360.4 
361.1 
364.3 
365.5 
360.3 
348.1 
341.7 
336.9 
123.1 
303.5 
295.3 
297.5 
305.4 
m4 .4  
311.5 
297.0 
3g0.4 

309.5 
313.3 

296- 2 
295.6 
298.9 
301.2 
308.9 
339.8 
313.6 
305.6 
301.4 
301.7 
298.6 
346.2 
316.0 
310.5 
306.3 
304.6 

351.9 
316.1 
30Ra 1 
305.6 
302.9 
343.5 
312.0 
311.3 
321.1 
314.2 
309.2 
308.7 
305.4 
342.6 
317.3 
308.0 
308.1 
341.9 
315.4 
312.4 
307.2 
306.0 
314.5 
3Lh.0 
34*. 0 
341.2 
324.3 
326.1 
333.3 

300.9 

305.4 

301.5 

h 
(a) 

272.0 
375.0 
390.0 
353.9 
3 24.7 
312.2 
363.7 
395.2 
349.9 
219.9 
173.7 
152.2 
181.1 

6R. 1 
22.2 
19.6 
21.4 
22.3 
20D6  
24. 3 
I P . 2  
15.9 
21.3 

I &lo 6 
e1.5 
37.7 
27.2 
22.5 
23. P 
41.4 

221.3 
130.3 

75.5 
55.5 
45.6 
30.9 

2500 2 
133.8 

92.7 
65. 6 
53.1 
32.8 

277.7 
117.5 

61.4 
480?  
12 .0  

264.4 
50. Q 

19.6 
63.2 

106.5 
67.9 
5 1 r 6  
36.9 

262.5 
97.4 
53.6 
49.6 

237.2 
99.6 
64.4 
50.9 
48.8 
67.7 

265.8 
255.0 
729.8 
l l R o 5  
117.1 
129.6 

/ m2- sec- 9( 

Nst  

. 0 0 3 e i i  
-005255 
-005454 
-004958 
-004549 
-004374 - 005 096 

.002132 
-002538 . 0 OC955 
.000311 
.000275 
-0 00 300 
.000312 
-090 23 8 
,000340 
.@00256 
-000223  
.00029 8 
.0131964 
.001142 
-000529 
.PO0381 
.000315 
-000334 
.000580 
.003100 
.001825 
.001058 
.000778 

-003506  

-001299 
.COO922 

. o n i e 7 5  

.ow1744 
- 0  00460 
-003891 
.001646 
.OOO860 
-00C686 

000449 
-003705  
.C@C713 
.OOC694 
.001166 
-001492 
.000952 
-000723  
.000545 
.00367Q 
-001365  
.000752 
-000695 
-003323 
.001395 

.000713 

. no090 2 

.000684 

.000948 
-003724  
e003573 
-003219 
.0016hl  
.001641 
.001616 

p = ioo; T = 388' K; pt = 277.5 kN/m2 
W 

Te 
Tt 
- 

-94001 
-96975 
-98036 
.98393 
,96537 
a 98769 
,99008 
-98813  
-98436 
-97969  
e97532 
.97554 
-92013 
-90447  
-90613 
- 9 1  606 
.q3572 
-92269  
.94919 
-91305 
-92254  
-92118  
.93730 
-91253 - 90552 
-90327 
.90673 
-91652 
-92224  
.93745 
-9275  1 
-91245 
.90899 
-90929 
-90703  
-90808 
-93210 
-91757 
.a1554 
-91290 
09132B 
-91501  
-94392 
-92269 
.'41862 

91757 
-91632 
.94949 
.93383 
.92736 
-94407 
-92134  
-91983  
-91953 
-92149 
-95296 
-92329 
-92194  
-92480  
-95446 
-92600  
-92329 
.92118 
-91576 
-93293 
-95928  
-95642 
.95574 
-93605 
.94889 
-96034  

Tw, OK 

340.6 
359.2 
373.0 
361.9 
350.6 
360.3 
363.3 
364.5 
359.5 
347.5 
341.2 
336.5 
323.4 
301.0 
295.3 
296.4 
305.4 
302.6 
309.5 
296.4 
300.2 
300.1 
306.1 
312.7 
304.4 
295.8 
295.9 
298.3 
300.4 
306.7 
337.2 
310.7 
302.6 
300.9 
299.3 
296.6 
344.9 
312.3 
306.7 
302.8 
301.2 
298.8 
339.6 
312.3 
304.2 
302.1 
301.1 
339.8 
308.1 
302.6 
313.5 
313.5 
305.3 
302.9 
302.2 
339.0 
312.7 
306.1 
305.0 
338.3 
311.1 
307.9 
302.7 
301.2 
307.5 
342.2 
340.0 
337.3 
320.5 
325.2 
330.7 

h 

(4 
315.5 
450.8 
414.8 
384.8 
345.2 
329.2 
385.4 
424.5 
368.0 
227.4 
1750 8 
152.8 
189.0 
72.0 
22.1 
18.2 
21.5 
27.3 
20.4 
26.3 
20.7 
20.5 
24.7 

141.3 
61.4 
35.3 
26.5 
22.4 
21.3 
31.0 

219. 8 
122.3 

66.2 
47.7 
41.3 
25.7 

236.3 
124.4 

83.5 
56.4 
43.9 
27.7 

274.5 
110.7 

5308 
41.3 
28.5 

257.8 
40.2 
24.2 
49.9 
97.1 
59.8 
42.5 
36.1 

256.6 
87.9 
4 8 . 5  
44.9 

230.7 
93.6 
56.4 
37.8 
39.6 
44.3 

256.9 
247.7 
221;6 
110.5 
118.0 
129.3 

NSt 

-004420  
.CC6317 

. C C5400 
0055 47 

.oc5155 
,003187 
a002463  
. cc2141  
aOC2647 
.001009 
. O C C B I O  
.000254 . occ 2 0 2  
.0OC382 
.0cc295  
.000366 
.000291 
.@CC254 
-0CC346 
.CC1980 
.OC1140 
.POC495 
.00C371 
.OCCI 14 
.OCC298 
.0CCL?5 
-003C 79 
.OC1714 
.OCC928 
.OCCt66 
-00C579 

OCC360 
- 0 0 3 3  10 
.OK1744 

O C  1170 
. O C C l S L  
.ococ 15 
.0CC?68 
.003146 
.OC1551 .~~ 
.OCC753 
.ooc579 
.OCC4CO 
.C03t12 
.OC05t3 
-0C0339 
.OCCt79 
.001361 

-000555 
. O C C ~ ~ E  

. 0 c c 5 c 5  
-003596 

OC12 31 
.OCC68O 
.OOOt 29 
-003232  
.001312 
-0CC790 
.OOC530 
.OCOCC4 
.OCCt21 
a 0 0 3  627 
.OC34 10 
.003114 
.OClL43 
- 0 0  16: 3 
.001812 

h 

0 

3 5  



- 

rhermo 
couple 

- 
1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
11 
1 2  
1 3  
14 
15 
16 
17 
19 
19 
20 
2 1  
2 2  
2 3  
24 
25  
26 
2 7  
29 
20 

31 
3 2  
7 3  
3 4  
35  
3 6  
37 
3 8  
39  
4 0  
41  
4 2  
4 3  
4 4  
45  
46  
47  
40  
4 9  
5 0  
5 1  
52 
5 3  
56 
55 
56 
57 
5 8  
59 
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
66  
6 7  
6 0  
69 
7 0  
7 1  

30 

- 

TABLE EL.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 4.5 X 106 

(a) a = 0' 

p = 0'; T = 390' K; p = 462.1 kN/m2 
W t 

- 9 8 1 1 4  
- 9 0 2 7 1  
.90185 
- 9 7 9 0 0  
-97657 
- 9 7 6 9 9  
.96008 
-94356 
- 9 2 7 0 0  
-92056 
- 9 3 1 0 8  
- 9 3 4 1 3  
-96505 
-93093 
-92060 
- 9 1 8 6 0  
- 9 4 0 4 4  
.94594 
-94572 
-91771 
-92915 
-92722 
- 9 2 6 1 8  
- 9 5 1 1 4  
.93435 
- 9 2 5 7 3  
- 9 1 9 1 9  
- 9 2 6 6 2  
.9Z558 
-92046 

96770 
- 9 4 0 7 4  
-93242 
-92885 
- 9 2 5 4 4  
.9?404 
-9b139 
- 9 7 7 6 2  
-93509 
-93123 
-93012 
.93093 
-95842 
- 9 3 7 6 2  
-93420 
- 9 3 2 7 2  
- 9 3 3 0 3  
.95753 
-95069 
-94520 
- 9 4 3 1 2  
-93450 
.93383 
-93303 . 93600 
-95812 
- 9 3 4 5 0  
- 9 3 3 6 1  
- 9 4 2 2 3  
-95827 
I 92960 
-93405 
-94707 
-94505 

94416 
-95010 
.93546 
.92737 
- 9 2 9 7 4  
.93346 
-93905 

T,, 'K 

374.7 
373. R 
371.0 

360.7 
360.0 
356.5 
342.6 
326.2 
314.2 
312.6 
312.6 
366.1 
335.1 
316.0 
307.1 
317.4 
324.1 
372.2 
30R. 1 
300.4 
308.3 
307.7 
353.4 
336.0 
319.9 
312.4 
313. 0 
31 9. L 

317.7 
366.4 
339.8 
328.7 
319.0 
316.6 
31 4.3 
361 .4  
397.7 
379.3 
319.0 
3Ib.R 
315.7 
355.6 
333.2 
323.1 
317.2 
317. 0 
352.R 
329. t 
333.7 
331.5 
329.9 
323.6 
310.3 
32C.7 
349.7 
32q-O 
319.7 
326.0 
348.5 
323.6 
321.2 
330.5 
333.6 
332.1 
345.1 
334.3 
325.7 
313.5 
312- 5 
316.7 

365. a 

-. 

h 
(4 

698.0 
671. E 
501.8 
477.9 
397.3 
377.0 
377.5 
311.1 
201.6 

75.4 
55. c 
49.4 

557.6 
263.3 
90.0 
32. P 
55.9 
91.2 
04.0 
48.7 
36.4 
42.6 
39.0 

425.9 
284.3 
137.8 

03.9 
70.1 

110.8 

570.4 
290. 0 
140.0 
110.1 
99.4 
52.4 

510.1 
222.3 
lL9.6 
110.5 
94.2 
R1.  0 

632.7 
175.5 

90.8 
09.9 
06. 1 

119. 5 
194.4 
173.3 
157.3 
113.0 

99.2 
93.3 

357.9 
151.2 
101.8 

91.5 
319.6 
156.5 
110.4 
141.7 
193.5 
175.4 
311.3 
?47.2 
189.1 
b5* 5 
49.5 
40.9 

120.n 

3ei.6 

_. 

Nst 

,005916 
e005693 
.PO4931 
.00405! 
,003367 
-003195 
.OC3200 
.002637 
.001709 
.C'30639 
e000460 
.000419 
,004726 
.002231 
.OCO763 
.000270 
- 0 0 0 4 7 4  
-000773 

000712 
.000413 
.000309 
.On0361 
.000331 
,003609 
.002410 
.001168 
.000711 
.000596 
.@01007 
.001017 
,004835 
e002465 
.001254 
. C O O 9 3 3  
.000842 
.OF0698 
-004323 
.CC1884 
.001268 
,000536 
,000798 
.000693 
-003667 
.001487 
.000030 
.000762 
,000730 
.003234 
.001013 
-001647 
,001468 
.001333 
.00095 8 
,000841 
.COO791 
- 0 0 3 0 3 3  
.001282 
,000863 
,000775 
.002708 
.001326 
,000936 
,001201 
,O 0 1640 
,001486 
,002639 
.092095 
,001603 
,000555 
, O  00420 
,000347 
- 

Te 
=t 
- NSt 

a h measuredin J/m2-sec-% 
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II' 

rherm 
coup1, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13  
14 
15 
1 6  
17  
1 R  
19 
20 
21  
72 
73 
24 
25 
26 
27 
28 
29  
90 
3 1  
32 
33  
3 4  
35 
36 
37  
3 8  
39 

4 1  
L 2  
4 3  
n4 
45 
4 6  
4 7  
48 
4 9  
50 
5 1  
52 
53 
5 4  
55 
56 
57 
5R 
5 9  
60 
6 1  
62 
63  
64 
65  
6 6  
67  
68  
69  
7 0  
7 1  

a h  

40 

TABLE III.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 4.5 X 106 - Continued 

(b) a = 10' 

0 = 0'; T, = 386' K; pt = 462.1 lcN/m2 

'e 
Tt 
- 

-97828 
-98815 - 98942 
.9R857 
.98773 
.9B801 
-98061  
-96220 
.94744 
-94832  
-95352 
-95565  
-95867 
-92426  
-91590 

-93270 
-93013 - 92998 
-91957 - 92060 
-90710 - 92001 
-94538 . 92910 
-91986 

-91429  
.90879 
-92339  

96544 - 940 10 
-93116 
- 9 2 6 6 1  - 92294 
- 9 2 1 4 8  - 96403 
-93996 
-93746 
-93336  
- 9 3  I 7 4  
-93013 
-96389 
-94157 
-93127  

93666 
-93336  
-96544 
.93394 - 93746 
. 9 5 4 1 8  - 94025 
.93893 
.93805 
-93526 
-96763 
-94054 
- 9 3 7 6 1  - 93629 
-96756 
-93644 
-93512 - 93776 
e95521  
.95558 

96149 
-95022 
. 9 4 2  89 
-94252 
-95506  
-95860 

-92558 

.9126e 

asured in 

T,, 'K 

362.9 
367.4 
365.6 
361.3 
357.6 
357.8 
354.7 
345.0 
333.2 
324.6 
325.3 
325.3 
351.1 
326.7 
312.0 
312.0 
315.6 
315.8 
315.3 
309.0 
30R. 5 
302.6 
307.1 
339.8 
329.1 
316.5 
309.1 
30R. 2 

310.5 
354.9 
331. R 
323.M 
316.4 
314.3 
712.4 
353.1 
332.7 
326.3 
321.5 
316.8 
315.3 
349.9 

322.7 
323.2 
316.5 
348.5 
315.1 
313.5 
331.8 
328.6 
323.7 
321.3 
316.9 
346.7 
327.9 
372.5 
317.5 
345.6 
326.1 
320.1 
316.3 
329.5 
332.2 
343.3 
335.5 
329.4 
321.0 
324.5 
337.9 

303.7 

330.4 

lm2-sec 

h 
(a) 

623.1 
679.5 
5 P6.7 
476.9 
401.2 
3 84.7 
396.6 
347.0 
244.1 
113.3 

97.5 
91.9 

459.2 
187.3 

55.0 
49.8 
61. 0 
73.7 
70.7 
40.3 
33.1 
31.4 
30. 4 

349.6 
214.2 
102.1 

58.3 
46.2 
36.4 
38.1 

513.1 
252.2 
132.8 
101.6 

92.9 
77.2 

481.7 
200.0 
135.2 
104.3 

92.1 
80.0 

427.0 
163.7 
94.0 
97.6 
81.8 

3 80.0 
64.5 
38. 

165.3 
149.5 
108.7 

90.8 
R2.1 

355.9 
143.5 
101.0 

83.0 
3 16.9 
140.8 

64.2 
129.9 
174.8 
316.1 
258.8 
207.3 

92.1 
76.4 

221.3 

K 

85.4 

Nst 

.005248 

.005723 
.OW941 
.004016 
e003379 
.003240 
.003341 
.EO2922 
.00205b 
-000954 
. 00082 l  
-000774 
.00386e 
-001578 

005463 
.000419 
.000514 
-000621  
.000516 
-000339  
.000279 
.COO265 
-000256 
,002944 
.00180a 
.000860 
.OO0491 
-000399 
.000307 
.000321 
.I234322 
-002124  . ~ ~ . _  
.001118 
.000R56 
.PO0783 
.000651 
.004057 
-001685 

e033597 
-001378  
.000791 
-000738  
.000699 
.053201 
-000543 
-000326  
-001392  
a001259 
.000916 
.COO765 
.000691 
-002997 
.001209 
.000850 
-000699  
-002669  
.001186 
.000719 
.000541 
.001094 
-001472 
-002662 
.GO2180 
.001746 

a000644 
.001964 

.no0776 

Nst 
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TABLE Ill.- TABULATION OF HUT-TRANSFER MEASUREMENTS ON CLEAN MODEL AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 4.5 x 106 - Concluded 

Thermc 
couple 

1 
2 
3 
4 
5 
6 
7 
8 

I0 
11 
1 2  
13 
1 4  
15 
1 6  
17 
1 8  
1 9  
20 
2 1  
2 2  
23 
24  
25 
2 6  
27 
2 8  
2 0  
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43  
4 4  
45 
46 
47 
68 
k 9  
5 0  
51 
52 
53  
54  
55 
56 
57 
58 
59 
60  
61 
62 
63 
6 4  
65  
66  
67 
6 8  
6 9  
7 0  
7 1  

0 

- 
0 = 0'; Tw = 387' K; pt = 462.1 kN/m2 

- 96757 
* 9855? 
-99026 - 99097 
-09097 
-99183 
- 9 8 8 1 1  
.97578 
a 96236 
-96579 
-96638  
-962Q1 
.94478 
-91453 
-90946  
-92108 
-91810  
-92302 . 92839 
-91796 

91863 
a 9 2 0  19 
-92108  
-93405 
-91930  
.91051 . 90872 
.90R87 

97094 
-91040  
.95573 
-93315 
a02555 - 9 2 2 2 8  
-91915 
-91676  
-95885 
-93643  
* 93464 
-93092  
-92943  

92704 
-96296 
-94046 
a03680 . 93464 
-93107  
-96653  
.Q3479 
.95595 
-95163 
-93956  
-93792 
-93643 
.93345 
-96951  - 94016 
-93688  
-33599  
-96966 
-93822  
.93748 
-94686  - 95640 
a94925 
-96743  
-95908 
-95342 
.95483 
-96370  
.95655 

- 

T,, 
~- 
361.2 
371.2 
371.3 
3b7.6 
364.0 
364.3 
363.5 
357.6 
346.6 
337.2 
334.4 
331.2 
346.2 
319.8 
306.7 
309.8 
307.2 
307.4 
308.2 
306.7 
7c3.5 
303.5 
302.8 
335.5 
319.0 
310.2 
301.8 
300.2 
307.7 
306.0 
353.6 
330.9 
31P.2 
314.1 
312.0 
309.0 
355.3 
328.5 
391.3 
317.5 
315.1 
312.7 
354.7 
337.5 
927.5 
3 1 6 . 2  
313.6 
354.0 
311.4 
333.9 
330.5 
335. I 
324.0 
317.2 
314.3 
352.1 
333.7 
318.4 
317.5 
350.6 
323.4 
317.4 
321.3 
335.2 
333.6 
350.5 
344.5 
338.6 
329.7 
362.9 
334.') 

h 
(a) 

649.0 
844.4 
747.5 
584.5 
483.3 
462.0 
499.5 
476.9 
363.1 
194.3 
158.1 
140.0 
424.4 
163.5 

54.3 
60.0 
55.2 
45.1 
41.5 
51.4 
28.5 
26.5 
21.9 

326.0 
2@O0 5 

95.5 
E?. 2 
3809 
65.7 
62. S 

530.9 
267.9 
148.8 
109.2 
99.0 
81.1 

542.0 
236.0 
169.7 
121.6 
103.3 

86. 5 
510.2 

110.4 
98.1  
850 3 

459.8 
56.3 

109.5 
175.6 
188.7 
130.3 
106.7 

85.6 
428.6 
176.3 
116.3 

81.9 
377. b 
165.5 

96.1 
92.8 

219.5 
218.3 
392.0 
342.C 
281.8 
142.6 
166.8 
173.0 

207.5 

- 

Nst 

-005479 
.007129 
.006310 
-004934 
.004080 
.1)03900 
.r)0421b 
.!I04026 
m003065 - 001641 
-001334 
.001182 
-003583 
a001381 
-000459 
.000507 
.0@0466 
.000381 
.000351 
e000434 
.000241 
.000224 
.000185 
.002750 
-001693 
.O@C807 
.000500 
.00@329 
-000554  
.OOC531 
-004482 
.002262 
-001256 
.000922 
-000836 
-000684  
-004576 
-001992 
-001433 

-000872 

-004307 
.001752 
.@00932 
.000829 
.COO720 
.P@3882 
.000475 
-001684 
.001482 
.001593 
.001100 
.000901 
-000723  
.003618 
~ 0 0 1 4 8 8  
.r)C1)982 
.000691 
.003188 
-001397 
,000 8 1  1 
~ 0 0 0 7 8 4  
m 001  853 
,001843 
I 003309 
,002P87 
,002379 
.@01204 
.001408 
,001461 

.001027 

.on0731 

(c)  01 = z o o  

NSt 

a h measured in J/m2-sec-'% 



TABLE N.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 

(a) ol = 0' 

Phermo. 
couple 

1 
2 
3 
4 
5 
6 
7 
8 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  
17  
1 R  
19 
2 0  
21 
22 
23 
24  
25 
26 
27 
2R 
2 9  
30 
31 
32 
33 
34 
3 5  
36  
37 
30 
39 
4 0  
41 
4 2  
A3 
44 
45 
4 6  
4 7  
48  
4 9  
50 
51 
52 
53 
54  
55 
56 
57  
58 
5 9  
60 
61 
6 2  
63 
6 4  
65  
b h  
67 
68  
6 9  
7 0  
7 1  

0 

p = 0'; T = 381' K; p = 279.5 kN/m2 
W t 

-98007  
.9R234 

98249 
-98052  
-97825  
-98090  
-97182  - 94905 
-93929  
-94784  
-94761  
.94784 
.96622 
-93649 
-93618  
-93997 
-95011  
-94829 
-95071  
-93966 
.93391 
-92620  
.92544 
-95313  
.93909 . 94693 
-93649  
-93013  
-92635 
-92340 

96811 
.94663 
.95412 
.94632 
-94254  
-94209  
. 9 6 l b 8  
-95291  
-95109  
-94723  
.94859 
-94905 - 96395 

-94799  
.a4663 

-95109  . 94980 
-96297 

-94708  

-94254  
.94935 
-96146 

-95410 
-94375 
.93861 
-93770  
-94655 
.94708 

Tw7 "K 

363.0 
361.9 
359.8 
362.3 
355.2 
355.2 
349.4 
334.0 
326.6 
323.0 
321.0 
320.6 
354.2 
325.0 
316. 8 
309.3 
313.7 
312.7 
312.2 
31c. 4 

302.0 
3C0.0  
341.4 
325.3 
321.1 
315.1 
310.0 
308.2 
307.1 
354.0 
329.2 
328. I 
326.5 
322.9 
320.2 
348.3 
335.4 
330. 6 
326.0 
324.3 
323.7 
347.1 
327.7 
322.1 
32L.6 
325.2 
351.4 
323.9 
319.9 
319.0 
330.6 
322.2 
320.7 
322.9 
346.8 
324.1 
320.0 
324.0 
351.8 
316.9 
314.1 
321.9 
321.1 
320.0 
346.1 
335.9 
326.8 
317.2 
320.0 
319.R 

306.n 

a h measuredin J/m2-se 

h 
(a) 

538.C 
522.1 
478.5 
5 14.2 
417.5 
387.0 
356.5 
270.0 
177.8 
166.7 
125. 0 
122.3 
431.0 
204.3 
76.4 
38.0 

55.0 
49.8 
67.1 
40.8 
32.0 
26.2 

331.4 
216.9 
130. b 
111.2 
64.6 
79.7 
89.1 

435.6 
224.0 
172.6 
170.6 
152.9 
130.9 
392.3 
208.4 
200.8 
174.0 
157.2 
1 4 6 . 2  
373. 8 
205.8 
133.0 
143.9 
155.9 
422.2 
1L5.3 
122 .2  
114.8 
165.9 
120.3 
129.0 
139.2 
392.0 
152.0 
110.1 
142.6 
432.8 
148.4 
101.8 
122.3 
131.1 
119.1 
370.9 
202.8 
209.9 
111.3 
126.1 
117.0 

59.0 

'K 

. OO-?E 10 

.007288 

.006630 

.007170 
-005829  
.005415 
-004976 
.003780 
.002482 
.0C2048 
.001756 
.00171)7 
.006017 

.000695 I 

-004526 
.003028 
.001624 
.001553 

.001112 
,001 1 1 R  
.006081 
.003127 
.002410 
.01?2362 
.002134 
.001027 
-005476 
.002909 
.002803 

.on1181 

.00242~ 

.002105 
-002040 

.@OS894 I 
,002029 
.001706 
.001603 
.002317 
.001680 
. C 0 1 8 0 1  
.001943 
-005473  
.002135 
moo1536 
.001991 
006C42 

.005178 
-003948 1 
i C 0 2 9 2 9  
-001554  
.001760 
.OD1633 

NSt NSt 

39 



TABLE N.- TABULATION O F  HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS A T  A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH O F  3.0 X 106 - Continued 

(b) 01 = 5O 

Thermc  
couple 

1 
2 
3 
4 
5 
6 
7 
R 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
10 
19  
70 
21 
7 2  
23 
24 
25 
26 
27 
7 8  
79 
30  
31 
32  
33  
34  
35 
3 6  
37  
30 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40  
49 
50 
5 1  
52 
53  
54 
55 
56  
57  
58 
59  
60  
6 1  
62 
63 
6 4  
65 
66  
67  
68 
69  
70 
71 

'e 
T t  
- 

-97023 
-90452 
-98527  
-98459 
.98300 
-98376 
.97398 
-95450 
.94670 
.95337 
-95306  
.95299 
-96178 
-93245 
-93222 
- 9 3 1 8 4  
-93760  
-93351 
-93836 
-92942 
-92066 
-92972 
-93336 
-94927 
.93639 
-94374  
.92745 
-92783  
-92722 

92593 
-96595 
.94510 
-95367 
-94040 
-93760  
-93813 
-96201  
.95299 
.95064 
-94442 
- 9 4 4 8 8  
.94685 
-96504 
-94647 

* 94579 

-96473  
-95094  . 94852 
-94730 . 94079 
-94063 . s4200 
-94776 
-96610 
.93935 
-93957 
-94609 
-96473 
.93359 
-93556 
-94715  
.95049 
.95079 
-95791 
-94867  
-94442 
.94010 
.94943 
-95049 

.9442r  

. 9 4 r 3 ~  

T,, OK 
~ 

3f1.4 
363.1 
361.5 
362.2 
354.5 
352.0 
347. 0 
336.2 
326.2 
327.4 
326.4 
326.1 
350.7 
320.7 
300.7 
305.4 
309.4 
307.4 
307.4 
304.9 
3@3.3 
302.0 
302. 6 
338.2 
322.1 
310.1 
300.7 
306.4 
305-0 
304.5 
352.5 
320.3 
32% 0 
323.3 
319.9 
317.7 
340.5 
336.3 
331.0 
374.0 
371.8 
3/1.5 
3Li7.9 
328.0 
318.4 
317.7 
319.7 

322.9 
319.6 
310.R 
325.0 
310.9 
314.4 
317.7 
347.4 
324.2 
314.6 
319.3 
352.5 
316.3 
314.0 
312. R 
320.5 
321.2 
346.6 
330.0 
329.7 
320.1 
322.9 
323.2 

352.0 

a h m e a s u r e d i n  J/m2-seN 

h 
0 
575.3 
5R4.h 
534.5 
533.2 
405.0 
361.9 
354.1 
294.0 
217.3 
181.6 
166.0 
166. 6 
432.7 
186.9 

57.5 
33.7 
61.9 
54.5 
46.2 
440 5 
35.8 
27.0 
24.7 

326.1 
205.4 
128.5 
92.a 
70.9 
61.1 
62.0 

457.9 
231.1 
192- 9 
169.5 
146.3 
125.0 
422.0 
231.6 
22006 
170.7 
144.7 
132.7 
406.0 
217.5 
120.3 

118.8 
457. 0 
140.0 
12Z.R 
115.1 
164.0 
115.9 

99.9 
101.0 
399.9 
161.3 
100.2 
111.3 
455.6 
149.0 

07.5 
67.9 

117.2 

395.1 
310.0 
235.3 
141.4 
151.2 
144.5 

lor .  9 

127.7 

K 

008007 

-005637 
-005037 

.002520 

.002310 

.002310 
-006023 
.002601 
.000801 
-000469 
.000862 
.OCO758 

.COO389 

.000344 
-004539 
.OOZE58 
.001700 
.001287 
.OOOC86 
.COO 8 5  1 

.GO6374 

.oor863 

-002037 
.001740 
-005874 
-003224 
-0031RZ 

- 0 C 5 6 6 2  

. r o i601  
.002282 
.001614 
,001390 
.@01405 
.005566 
m 002245 
.001506 
,001549 
-006341 

.0@1632 

.001777 
.005500 
-004315 
-003276 
-00 1?67 
~ 0 0 2 1 0 4  
.oc2011 

- 
h 

(a) 
Nst 

~ 

h 

(a) 

40 



TABLE N.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(c) a = 10' 

'hermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
1 5  
16 
17  
1 0  
19 
20 
21 
22 
23 
24  
25 
76 
27 
28 
2 9  
3 0  
31 
32  
3 3  
34 
75 
36 
37 
30 
39 
43 
4 1  
42 
4 3  
4 4  
45 
46  
47 
4 5  
4 9  
50 
51 
52 
53 
54  
55 
5b 
57 
50 
59 
60  
6 1  
62 
63  
64 
65 
6 6  
67 
65 
6 9  
7 0  
7 1  

= 0'; Tw = 390' K; pt = 279.5 kN/mz 

Te 
Tt 
- 

.97549 - 90571 

.98753 
-90813 
.90601 
-90662 
.97897 
-96224 
-95391  
-95951  
-95045 

95709 
.95709 . 92 047 
.92726 

9 2 9 3 0  
.92779 . 93119 
-93270 
.92612 
-92272 
-92605 
-92673 
-94543  
- 9 3 2 7 0  
-93740  
-92325 
- 9 2 4 3 0  
-92635 
-92400  
-96375 
-94301 
-94846 
-93733 
-93437 
-93377 
.96140 
-95217 
-94902 
-94255 

94119 
.94009 
.96595 
.94770 
.94323 
-94195 
.94104 
-96776 
-94732 - 05073 
-95050 
-94164  
-94020 
- 9 3 0 9 2  
-93004  
-96814  
-94051  
-93710  
-93710 

96704 
-93528 - 93657 
-95179 
-95376 
a95205 
-96330 
-95345 
-94967 
-94263 
-95209 
-95255 

a h measuredii 

T,, OK 

373.0 
364.2 
363.0 
362.0 
354.7 
354.1 
350.0 
341.1 
332.2 
333.4 
332.6 
332.3 
347.4 
317.1 
305.3 
304.4 
304.3 
305.7 
305.0 
303.0 
209.6 
299.2 
300.2 
335.2 
319.1 
315.5 
305.4 
303.0 
303.5 
302.4 
350.9 
327.4 
329.5 
320.0 
316.7 
312.9 
340.6 
3 7 0 . 0  
330.6 
3 7 0 . 8  
91 6. 6 
316.2 
34 0.4 
376.0 
316.6 
314.4 
314.5 
350.9 
316.0 
318.9 
320.4 
325.5 
319.0 
312.6 
311.3 
340.4 
324.3 
312.0 
311.2 
752.2 
316.8 
313.7 
316.7 
322.5 
321.4 
340.7 
341.4 
334.0 
323.3 
326.7 
326.9 

J/mZ-si 

h 
(4 

440.0 
527.2 
487.7 
446.5 
350.9 
336.0 
343. 0 
302.2 
241.1 
2 10.8 
201.8 
205.3 
36.5.3 
157.1 
44.7 
39.0 
44.2 
44.3 
45.3 
30.7 
30.9 
22.1 
21.5 

292.5 
170.2 
112.7 

71.0 
50.9 
51.3 
50.2 

L01.9 
715.2 
106.2 
141.7 
115.8 

91.2 
306.7 
215.2 
1'99.5 
139.5 
109.3 

96.6 
774.0 
193- 3 
104*0  

91.7 
89.3 

382.7 
73.1 
9". 1 

114.9 
155.5 
110.4 

01.7 
77.7 

364.7 
150.1 
98.2 
76.5 

307.5 
141.4 
79.1 
76.7 

129.3 
117.0 
366.6 
300.0 
240.3 
155.7 
171. b 
166.0 

OK 

-006169  
-007393  
.@@6038 
-006260 
.005032 
e004712 
.004821 
-004237  
.003301 
.OC2956 
.002029 
.002070 
.005123 
-002203  
.00@626 
-000559  
.COO620 
.@Cob21 
. O O O C 3 5  
.FOOC43 

.000310 
o n ~ o ~ 3 4  

.001004 

.002610 

.'J03010 
-0027'27 

. C 0 2 7 1 1  

,031611 
.002131 
.0@1540 
.001206 
.001@90 
.005114 
.002104 
-001377 
.001073 
-005433  
.001902 
.001109 
-001076  

.0@3402 

.002183 
,002436 
.002327 

NSt ' O K  'W' 
h 

(a) 
NSt 
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TABLE IV.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT-A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(d) (Y = 15' 

Chermo 
couple 

1 
2 
3 
4 
5 
6 
7 
R 
9 
10 
11 
12 
13 
1 4  
15 
1 6  
17 
1 8  
1 9  
20 
21 
2 2  
23 
24 
25 
26  
27 
28 
29 
30 
31 
32 
3 3  
34 
35 
36  
3 1  
38 
39 
L O  
4 1  
42  
43  
4 4  
45  
46  
47 
48  
4 9  
50 
51 
52 
53  
54  
55 
56 
57 
58 
59 
60  
6 1  
62  
63 
6 4  
65  
6 6  
67  
68  
6 9  
7 0  
71 

p = 0'; T, = 389' K; pt = 279.9 kN/m2 

. 97021 
-98411  
.9R749 
.98887 
-98164 
.9R844 
-98229 
-96823  
.95991 
.96452 
.96248 
-95507 
-95068 
.92376 
.92210 
-92542 
-92875 
-92648 
-93329 
.92225 
-92565 
.92754 
-93102 
.94025 
-92845 
.93011 
-91620 . 91 877 
.92746 
-92520 
.95915 
-94002 
.94531 
-93057 
.92497 
-92270 
-95900 
-95053 
-94675 
-93586 
.93314 
-93026  
-96497  
-94660 
-93926  
.93631 
-93253  
+ 96853 
.93954 
-95295 

95129 
.94085 
-93866 
-93639 
.¶3435 
-96876 
-94070 
.93654 
-93571  
-96913  
-93692 
.93949 
-95643 
-95227 
-95083 
-96528  
-95673 
.9543 1 
-94463 
.95386 
-95083 

357.1 
364.7 
363.6 
361.2 
355.8 
35 5.4 
353.2 
345.7 
337.4 
339.4 
338.7 
337.0 
343.2 
313.5 
305.4 
305.k 
304.2 
303.5 
304.6 
300.8 
30 1.7 
299.9 
3n0.4 
331.9 
316.2 
311.6 
301.3 
290.1 
302.4 
302.0 
348.6 
326.2 
328.0 
316.8 
309.4 
305.9 
347.6 
329.8 
32S.9 
315.7 
311.8 
308.7 
348.6 
325.7 
314.5 
311.2 
309.1 
350.0 
309.3 
322.5 
319.7 
320.2 
314.6 
311.6 
309.4 
348.3 
319.5 
312.9 
309.9 
352.1 
317.6 
319.5 
326.0 
322.6 
322.2 
3 50.0 
343.9 
338.4 
326.6 
330.3 
330.3 

h 
A 

L.64.7 
5 27.2 
486.2 
423.9 
355.2 
334.0 
353.0 
326.8 
272.5 
255.4 
249.6 
265.6 
331.5 
138.1 

42.4 
47.9 
40.4 
37.7 
34.2 
38.2 
22.0 
20.8 
18.2 

258.9 
161. R 
102.2 

57.1 
33.3 
37.2 
42.9 

180.4 
206.8 
177. @ 
121.4 

89.9 
64.2 

379.8 
212.3 
186.8 
118.7 

89.7 
71.5 

371.3 
183.6 

96.2 
80.3 
71.2 

36 1.6 
52.0 

123.3 
103.1 
152.8 
100.5 

87.1 
71.6 

353. e 
139.2 

95.6 
70.5 

369.9 
140.5 

87.5 
134.9 
129.7 
125.6 
366.0 
321.6 
274.4 
173.9 
198.6 
203.1 

Nst 

-006492 
eC07365 
-006791 
.005921 
e004961 
e004666 

PO4031 
.004565 
-003806 
-003567 
-003487 
-003711 .~ 
-0C4631 
.001930 
.000592 
e000669 
.COO554 
.000526 
- 0  00478 
.000534 . cc030fl 
.O0029 1 
.000254 
-033617 
.002259 
-001427 
.000798 
.r?30455 
.000519 
.030599 
e005313 
.002889 
-002484  
.001695 
.0012 56 
-000897 
-005305 
.002965 
.002610 
.001657 - 00 1 2  54 
.C00°99 
-005187 
-002565 
-091343 
.001121 
-000995 
.005C51 
-000726 . 0 0  17 23 
.001441 
.002135 - 00 1404 
.001217 
.001000 
.004?41 
.001944 
eC01336 
.000984 
-005167 
.001962 . 00 122 3 . ~~ 

.DO1884 
,001812 
.001754 
.005112 
e004493 
-003832 
.002430 
.002775 
-002837  
__ 

Nst NSt 

a h measuredin J/m2-sec-% 
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TABLE IV.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

521.1 
432.9 
408.9 
447.0 
428.3 

rhermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
1 5  
1 6  
17  
1 8  
19 
20 
2 1  
2 2  
23 
24 
25 
26 

28 
29 
30 
3 1  
3 2  
33 
3 4  
35 
36  
37 
38  
39 
40 
4 1  
42 
4 3  
4 4  
4 5  
4 6  
47 
4 R  
a 9  
50 
5 1  
52 
53 
54 
55 
56 
57  
58 
59 
60 
6 1  
6 2  
63  
64  
65 
66  
67  
68 
69  
7 0  
7 1  

27  

e007206 
.006054 
,305718 
-006250  
.005989 

p = 0'; T = 388' K; p = 279.5 kN/m2 
W t 

366.9 
362.1 
361.3 
397.0 
357.3 
137.3 

39.6 
47.8 
44.2 
36.4 
33.5 
42.2 
19.0 

Te 
Tt 
- 

-96452  
-90236 
-91734  
.98894 
-98851  
.98953 
-98524 
- 9 7 3 5 1  
-96452  
-96083 
-96300 
-95136  
.94394 
-91959 
-91899 
-92194  
-92201  - 92867 
.93547 
-91902 
-92171  
-93063 
-93313  
.93547 
-92428  
.92723 . 91399 
-91437 
.92731 
-92428 
.95438 
-93699  
-94621  
-92927  
.92231 
.9183R 
-95604 
.94909 
-94652 
.93472 
93048 

.92738 
-96383 
.94591 
.93835 
.93494 
-93094  
-96830 
-94167 
-95347 . 94803 
.94062 
.93835 
.93585 . 93366 
-96951  . 94062 
.93668 
-93653  
-96996 
-93057 
-94258 
-95604  
-95075 
.94500 
-96830 
-96073  
-95816 
-94609 
.95347 
.94682 

a005131  
1005C64 
-005053  
a005551 

004997 
e001919 
- 0 0 0 5 5 3  
.000668 
.000618 
.000509 
e000469 
.OOC589 
.000265 

a h measuredin 

56.3 
30.6 
48.O 
43.4 

437.1 
228.4 

T,, OK 

354.4 
364.4 
373.9 
361.5 
357.4 
357.0 
356.1 
350.4 
342.8 
945.6 
343.9 
341.3 
339.2 
314.0 
301.6 
304.1 
302- 6 
307.5 
304.9 
301.6 
297. 0 
300.3 
300.4 
378.8 
310.6 
310.0 
299.9 
298.2 
303.3 
303.1 
346.4 
325.2 
328.6 
315.2 
308.4 
303.9 
347.4 
330.2 
329.0 
315.0 
310.2 
30R.O 
34Q. 2 
325.9 
317.6 
311.0 
300.0 
350.4 
311.3 
321.5  
320.7 
325.4 
318.6 
311.5 
305.0 
349.0 
324.5 
312.9 
312.0 
352.0 
323.5 
315.7 
327.1 
323.0 
322.2 
351.2 
347.3 
343.1 
330.2 
334.0 
333.2 

/m2-se 

.COO787 

.000428 

.OQ@684 
.C[10607 
,006112 
-003194 

552.9 -007731  
695.4 -009724  
602.2 I -009540 

130.2 
160.8 
116.5 

93.7 
74.1 

414.3 

.001821 
.002360 
-001629  
.001310 
.901037 
-005793  

162.1 
102.5 

71.2 
431.5 
159.4 
109.7 
165.1 
150.4 
157.0 
440.1 
411.4 
365.6 

.000252 1 .00@216 
273.1 ,003819 
168.3 -002353 
104.4 .00146@ 

e002266 
-001433  
-000996  
en06033 
.002220 
.001534 
-002308 
.002102 
.002196 
-006154  
.005753 
.305113 

1 0 2 - 5  .001433 
.CO1197 I .001031 

439.9 .006026 
55.0 .090769 

124.9 I -031747  

222.8 .003115 
269.9 .003774 
281.0 -003929  

'K 

h 

fa 
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TABLE 1V.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 3.0 X 106 - Continued 

(f) (Y = 30' 

:hermc 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 2  
13 
1 4  
15 
1 6  
17 
18 
1 9  
2 0  
2 1  
22 
23 
24  
2 5  
26 
27 
28 
7 9  

3 1  
32 
3 3  
34 
35 
36  
37 
3 5  
39 
40 
4 1  
42 
4 3  
4 4  
45 
46  
47 
48  
4 9  
50 
51 
52 
53 
54  
55 
56 
57 
58 
59 
6 0  
61  
62  
63 
6 4  
6 5  
6 6  
67  
68  
6 9  
7 0  
71 

30 

6 = 0'; Tw = 388' K; pt = 277.2 kN/m2 

Ti? 
Tt 
- 

-95691  
-98147 
-98990  

99236 
-99221  
-99351  
m99236 
.98558 
-97813 

97952 
-96433 
-96351  
-93636 
-91701  
-91859 
- 9 1 7 9 1  - 92684 
m93659 
-93741  
-91836 

92999 
-93689  
-94363  
-92961  
-92054  
m92316 

91364 
-92721  
- 9 2 8 4 1  
-92361 
-94776 
-93336 
.93959 
a 92751 
-92129 - 91036 
,95241 
-94731  
-94311 
.93359 
a 9 2 9 9 1  
-92796 

96406 
-94641  
.93839 
-93464 

93261 
-97108 
-95661  - 94851 
.93884 
-94116 
-93869  - 93621 
-93711 
-97100 
-94131 
-93831  
-94176 
a 97115 
-94191  - 94476 
-94941  
-94026  
-93786 
.97385 
-96973 
-96823 

94058 
-95151 . 95083 

350.2 
371.6 
369.0 
366.0 
362.1 
362.4 
363.5 
361.6 
355.1 
350.8 
355.8 
354.4 
333.6 
311.6 
392.0 
303.4 
304.6 
307.7 
30 0.0 
303.9 
302.7 
304.3 
306.3 
324.4 
31 5.4 
311.1 
302.5 
394.1 
307.1 
305.1 
342.7 
323.9 
325.8 
313.3 
308.q 
305.2 
340.8 
331.3 
327.8 
315.6 
311.3 
3178.8 
352.6 
32R.0 
315.4 
312.2 
309.8 
354.0 
327.9 
325.1 
323.8 
326.2 
316.1 
313.4 
313.1 
349.3 
325.3 
314.7 
316.1 
350.7 
327.7 
321.5 
322.5 
320. R 
320.4 
354.6 
355.4 
352.8 
338.5 
342.2 
341.6 

h 
(a) 

3L6.4 
446.6 
478.4 
412.1 
352.0 
339.9 
385.4 
404.0 
362.0 
401.9 
445.2 
430.5 
230.6 

92.5 
29. 8 
33.6 
20.5 
27.3 
28.1 
32.9 
16.9 
14.2 
13.3 

107.2 
117.1 
74.2 
40.2 
32.3 
39.7 
47.9 

289.3 
172.8 
138.4 

86.6 
68.6 
51.0 

321.6 
139.4 
156.3 
94.9 
73.8 
56.1 

360.1 
169.7 

03.4 
6 0 . 8  
55.6 

340.4 
123.0 
120.5 
141.6 
134.4 

88.8 
75.6 
55.5 

310.0 
128.2 
78.9 
64.5 

295.0 
145.8 
113.1 
111.6 
124.1 
121.9 
339.2 
359.6 
338.9 
240.2 
309.3 
290.3 

Nst 

~ 0 0 4 0 8 0  
-006291 
-006740 
-005  806 - 004959 
-004788 
-005429 
-005692 
.005111 
-005662 
.006272 
-006066 
-003249  
.001303 
.000420 
aOOC473 
.000401 
.000385 
-000395 
-000453 
.000238 
.00@200 
.000187 
-002638 
-001650 
-001045 
.000556 
e000455 
-000559  
-000675 
-004076 

9C2434 
~ 0 0 1 9 5 0  
.001220 
e000966 
.000719 
-004531 
.'202809 
.oozzo2 
-001336 
.001040 
,000790 
.005'273 
-002390 
.C0117E 
-0'20969 
-0OO7 34 
-004795 
-0C1733 
.001810 
-001995 
-001 894 
.001251 
.001066 
.000782 
-004379  
q001806 
.001112 
.000930 
-004156 
-002054  
.001593 
-001577 . -. - 
-001748 
.0@1710 
-004779 
-005066 
-004775 
-903384  
-004358 
.004090 

h 

(a) 
Nst h Nst 

a h measured in J/m2-sec-% 
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TABLE IV.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
EL4SED ON MODEL LENGTH OF 3.0 X 106 - Concluded 

(g) cy = 40' 

:hermo- 
couple 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13  
14 
15 
1 6  
17 
18  
19  
20  
2 1  
22 
23 
24 
25 
26 
27 
2R 
29  
30 
3 1  
3 2  
33 
3 4  
35  
3 6  
37 
38 
39 
40 
4 1  
42 
4 3  
44 
45 
4 6  
47 
48 
A9 
50 
5 1  
5 2  
53  
54 
55 
56  
57 
5 8  
59  
60  
6 1  
6 2  
63  
6 4  
65 
66  
67 
68  
69 
7 0  
7 1  

j3 = 0'; T = 389' K pt = 278.6 M,"2 
W 

-94911  
,98006 
- 9 9 2 9 2  
-99552  
-99596 
-99798 

1.00000 
.99805 
-99422 
-99075  - 98570 
-98498  
.92959 
-91427  
-91682 
.91787 
-92756 
- 9 1 9 3 0  
-94356  
.91712 

93424 
-94326  
-94972  
-92478  
-91742 
-91967  
-91246  
-93049 
.93364 
- 9 3 6 5 0  
- 9 4 2 2 1  

93124 
-93695 
-92763  
-92185 
-92110 
-95047  
.94761 
-94536 
-93515  
- 9 3 1 6 9  
-93214  
-9h6R4 
-94957 
.44040 
.93740 
. 9 3 7 8 5  
-97428  
-95527 - 95490 
.95535 
- 9 4 4 0 1  
-94005  
.93950 
- 9 4 2 0 5  
-97465 
-94311  
-94190 
- 9 4 4 3 8  
-97540  
.94626 
-94431  
-94318 
* 94378 
- 9 4 8 0 9  
-90194  
-97976 
-97931  
-95703 
.96909 
-97075 

Tw, OK 

339.5 
359.7 
368.1 
363.L 
359.2 
359. 8 
362.6 
380.0 
360.0 
355.6 
357.2 
357.1 
322.7 
305.2 
299.8 
299.6 
303.9 
300.4 
308.5 
300.7 
302.8 
JOC.8 
3 0 8 . 8  
315.9 
308.9 
304.5 
298.5 
305.2 
308.5 
307.9 
333.5 
318.0 
322.5 
310.3 
306.3 
303.6 
340.7 
370.0 
325.9 
313.0 
309.6 
307.2 
350.9 
325.5 
313.6 
310. B 
112.6 
350.7 
324.7 
375.8 
324.0 
319.7 
314.7 
311.8 
311. 6 
346.5 
319.1 
313.1 
314.9 
347.8 
323.2 
317.8 
315.7 
317.3 
318.5 
353.3 
356.1 
354.9 
340.0 
344.5 
341.. 3 

h 
(a) 

311.4 
477.8 
550.1 
434.5 
356.5 
325.9 
398.3 
380.2 
389.3 
328.3 
380.7 
392.8 
190.3 

64. 3 

19.9 
28.7 
23.7 
25.5 
21.0 
13.8 
14.9 
17.9 

148.4 
87.2 
63.4 
32.8 
37.4 
43.0 
47.1 

262.7 
154.0 
145.4 
76.3 
61.0 
41.8 

317.5 
198.5 
152.7 

84.1 
55.2 
44. 8 

401.4 
158.6 

74.8 
61.0 
47.1 

348.2 
111.6 
132.4 
113.9 
125.5 

87.9 
65.5 
55.9 

293.9 
119.6 

67.9 
71.1 

279.0 
150.4 
103.9 

87.7 
99.4 
91.7 

332.5 
3 89.4 
377.6 
253.6 
295.7 
275.8 

23. e 

Nst 

-004373  
.006710 
a 0 077 2 5 
.@06101 
-0C5006 
- 0 0 4 5 7 1  . . .  
-005593  
-005338  
-005467 
-00461 1 
-005346  
-005516 
-002673  
.000903 
-000334 
.000279 - 000403 
-000333 
.000358 
.000296 
.00@194 . 0 0 0 2 l C  
-000251  ~~ 

.PO2084 
.301224 
sCC0891 
.@00460 
e000526 
.000604 
.000661 
.C03688 
-002162 
.002042 
.001072 
.PO0857 . . 
.0@0556 
-004459  
.302738 
.002144 
.001I81 
-000915 
-000629  
-005637  
-002227  
.001050 
e000857 
.O@Ot62 . 0 C4890 
.001567 
.@OIL3 59 
.001599 
-001762 
.001234 
.000920 
.000784 
-004 127 
-001679 
-000953 
.900998 
.C03918 
.002111 
-001459  
.001231 
,001396 
.001288 
-004670  
iO0546U 
00 5 303 

-003561  
-004 152 
-003873  

h 
M 

NSt NSt 

a h measured in J/m2-eec-% 

45  



TABLE V.- TABULATION OF HEAT-TMNSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 4.5 X 106 

rherm, 
coupif 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
1 4  
15 
1 6  
17 
18  
19 
20 
21 
22  
23 
24 
25 
26  
27 
2 8  
2 9  
30 
3 1  
32 
33 
34 
35 
36  
37 
38 
39 
4 0  
4 1  
42 
43 
4 4  
45 
46 
47 
48 
4 9  
50 
5 1  
52 
53  
54 
55 
56 
57 
58 
59  
60  
6 1  
6 2  
63 
6 4  
65  
66  
6 7  
68  
69  
7 0  
7 1  

6 = 0'; Tw = 390' K; pt = 462.1 kN/m2 

-98285 
.98454 
-98471 
.98378 
.98198 
.98385 
-97603 
-95058 
-93752  
.94745 
.94588 
-94588 
-96820  
-93513 
-93715 
-94506  
.94445 
-94581  
-94760 
-94013 
-92573  
m92073 - 92163 - 95372 - 93864 
.94879 - 93536 
-92581  
e92200 
-91894  
-96976  
.94588 
-95387 
-94491  
-94327 
a 94260 - 96290 
-95260 
-94842 
I 94820 
v 95014 
,95058 
I 96409 
I 94760 
,952OR 
-95387 
,95118 
I 96596 
I94954 
, 94551 
I94394 
I 94222 
I94894 
95387 - 95230 

-96565 
94372 

-95260 
95223 

-96432  
.93909 
-94655 
.94999 
-94611  
-94476 
.95857 
-94730 
-94028 
-93596 
-94461  
-9446 1 

- 

T,, '1 
~ 

374.5 
373.1 
372.0 
374.8 
370.6 
373.1 
368.7 
348.8 
338.2 
334.9 
331.9 
331.4 
365.8 
335.0 
323.4 
322.3 
321.5 
320.5 
319.4 
320.2 
309.6 
305.6 
305.0 
352.6 
335.5 
334.4 
324.7 
318.4 
316.2 
314.9 
365.7 
340.0 
343.5 
338.4 
335.R 
332.6 
363.2 
341.1 
343.4 
339.0 
337.9 
53.5.5 
358.2 
339.5 
136.2 
339.8 
138.2 
163.3 

335.5 
330.8 
329.5 
337.8 
336.7 
339.1 
339.3 
361.0 
338.2 
337.2 
339.1 
364.2 
340.7 
330.6 
336.2 
331.6 
330.3 
360.6 
350.4 
340.7 
328.4 
330.6 
330.2 

h 
(a) 
648.; 
639.d 
600. I 
658.! 
577.; 
609.7 
590.' 
403.i 
250.f 
211.5 
18O.L 
175.1 
523.t 
255.L 
103. I 

85.5 
90.6 
79.6 
71. f 

108.3 
63.5 
47.0 
39.8 

405.5 
275.0 
194.0 
152.8  
123.0 
112.5 
114.0 
535.3 
288.4 
263.7 
238.6 
214.0 
191.7 
488.8 
184.3 
?86.3 
!45.6 
!32.8 
! 14.0 
r62.1 
!73.3 
.94.1 
!2%7 
!31.3 
i20.0 
!OB. 3 

176.9 
163.5 
214.1 
177.6 
226.5 
242.3 
519.0 
213.6 
207.4 
238.7 
556.8 
211.1 
156.6 
214.6 
184.7 
168.8 
521.9 
394.8 
290.1 
169.7 
180.1 
166.9 

Nst 

-005495 
-005420 .~ 
.GO5093 
.Or35579 

OC4893 
.005169 
.GO5009 
e003419 
-002125 
aC01796 
-001529 
eC01499 
a004441 
a002165 
-000874  
a000725 
-000768 
-000675 
.000606 
.000918 
.000541 
-000399  
-000338 
a003438 
-002331 
-001644  
-001296 
aP01C43 
.000954 
-000566  
-004538 
-002445 
e002235 
.002022 
-001848 
-001625 
-004144  
~ 0 0 2 4 1 0  
,002427 
.002082 
-001974  
.001814 
moo3918 
-002317 
-00 1645 
-001047  
.001961 
* 004408 
-001766 
.OC15')0 
.oo 1386 
.a01815 .~ 
.001506 
.OD1920 
~ 0 0 2 0 5 4  
.004407 
.001811 
-001758  
.002024 
-004720  
.001790 
-001327  
-001819  
-001566 
~ 0 0 1 4 3 1  
,004424 
moo3347 
-002536 
e001439 
-001526 
e001415 

Nst Nst 

a h measured in J/m2-sec-% 
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TABLE V.- TABULATION OF HEAT-TRANSFER MEASUREMENTS ON MODEL WITH ROUGHNESS AT A NOMINAL REYNOLDS NUMBER 
BASED ON MODEL LENGTH OF 4.5 X 106 - Concluded 

Chermc 
couple 

1 
2 
3 
4 
5 
6 
7 
R 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
1 0  
1 0  
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 
31  
32 
3 3  
34  
35  
3 6  
37 
30 
39 
" 0  
41 
4 2  
4 3  
44 
45 
46  
47 
I @  

50 
51 
52 
53 
54  
55 
56 
57 
50 
59 
6 0  
6 1  
62  
6 3  
6 4  
65  
6 6  
67 
6 0  
6 9  
7 0  
71 

a h  

40 

0 = 0'; Tw = 392' K; p t = 462.1 kN/m2 

Te 
Tt 
- 

-96670  
90499 

-98956 
-99055 
-99020 - 99114 
-30720  
-97512  

95462 
-95930 
-96335  
-95154  
-94425  
-91675 
-91831  - 92165 
-91593  
-92076  - 92559 
-91860  

91251 
- 9  19 13 . 92091 
.93444 . 92lRO 
-92834  
-91407  
-91214  . 91053 
.91496 
.95547 
-93570 
- 9 4 2 0 4  
-93007  

9 2 0 1 9  
-92255 
-95770  

94752 
-94306  
-93905  
-93498  
e 93176 
.96477 
.94544 
-94076  
.?3741 
-93459  
-96997 . 94529 
-95101  

94514 
94090 

-93905  
-93689  
.93563 
.?7155 - 94039 

-93771  
- 9 7 1 4 1  
-93905  
-94610  
.95473 
-14856  - 94172 
-97003  - 96290 
.95793 

94514 
-95391  
-94610  

.a3734 

rsured in 

Tw, OK 

367.7 
377.7 
378.4 
375.2 
371.2 
371.1 
370.4 
364.0 
356.8 
302.0 
360. B 
350.1 
352.1 
319.6 
310.3 
312.0 
30e.5 

309.2 
12.6 

303.8 
314.9 
303.1 
340.6 
323.7 
323.3 
309.4 
305.0 
300.9 
306.6 
359.6 
337.2 
344.3 
320.7 
320.0 
315.3 
351.2  
344.6 
333.6 
329.2 
322.5 
310.0 
363.4 
939.2 
3?5.5 
321.3 
919.0 
364.6 
320.9 
333.7 
333.0 
331.9 
329.5 
321.5 
310.5 
31.2- 9 
390.7 
322.7 
310.5 
353.6 
330.4 
330.2 
341.3 
336.2 
335.4 
365.5 
362.0 
357.9 
344.7 
350.5 
34F. 3 

308.6 

h 
(4 

581.8 
707.7 
676.1 
561.7 
472.0 
449.6 
499.0 
403.2 
431.3 
404.2 
475.1 
526.7 
390.6 
162.5 

55.6 
61.0 
53.0 
44.9 
40.7 
62.1 
31.5 
27.5 
20.5 

309.9 
199.0 
l"5.9 

70.2 
42.0 
65.7 
61.3 

470.6 
272.5 
266.2 
161.0 
110.9 

05.5 
503.6 
315.0 
276.0 
1600 3 
117.2 

91.6 
517.3 
260.0 
129.4 
106.2 

08.9 
401.7 

06.1 
170.5 
177.5 
204.1 
140.6 
114.1 

09.3 
457.2 
193.6 
123.9 

439.2 
196.1 
156.4 
233.0 
200.4 
215.4 
401.3 
401.3 
437.0 

360.0 
300.3 

e9.4 

208.2 

e004944  
mC06014 
.005746 
.e04773 
.OC4011 
.003021 
-004155  
.004106 
e003665 
-004 I 1  5 
-004037  
aCC4476 
.003357 
.001301 
-000472  
-0OC526 
.000450 
.000382 
-000346  
-000527 
.000260 
-000234  
a000174  
,002633 
.00169Q - 0 01 240 
a000664 
-000363  
-000558  
.000521 

004067 
-002315  .~~~~~ 
-002262  
.001360 
-000942  
-000727  
.004280 
-002684  
-002346  
-001363  
.000596 
.000779 
-004396  
~ 0 0 2 2 0 9  
.001100 
.00C902 
.C@0755 
-004C94 
.000732 
.001449 .~ 
.00150R 
- 0 0 1 7 3 4  
.DO1195 
- 0 0 0 9 6 9  
-000759  
-003885  
-001645  
a001053  
,000760 
~ 0 0 3 7 3 2  
.001666 
-001329  

.004C90 
-003720  
-002449  
.003120 
,003232 

~ 

NSt NSt 

/m2- see- OK 
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C y  lindrica I 
Spherical edges 

segment ----- 

Conical 
nose - 

Spherical 
segment- 

Figure 1.- Exploded view of model to show relat ionship of parts. 

-Wedge sides 

H a I f-co ne 



W- 

(290) 11.135 
(283) 

1.35 2.10 2.86 3.47 x l R  1 
.38 .?I 

(a) Coordinate systems and model dimensions. (Dimensions are in inches (mm).) 

Figure 2.- Model description. 

- \  

Enlarged view of nose section 

0" 

1800 
Rear 



Transition 
strip 

Enlarged v i e w  of nose sect ion 

Front 

\ 

(b)  Thermocouple identification. 

Figure 2.- Concluded. 



C o n e  7 r n o q  t o p  
H a l f  cone  

I 1 -  ! I I I 

- 3  - 2  -1  0 1 2 
SIR 

( a )  Positive angle of attack. 

1 I I I I -1 ~ 

I I I 

- 3  - 2  -1 
S I R  

I I I 

0 1 2 3 

(b) Negative angle of attack. 

Figure 3.- Heating distributions i n  vertical plane of symmetry. 

51 



1 d I 6  b 
. o001 I I I I I 

- 4  

N S t  

- 3  - 2  -1 0 1 2 3 
s IR 

(a) a = -300. 

~ - 1  I I I I 1 
- 4  - 3  - 2  -1 0 1 2 3 

s / R  

( b )  a = 00. 

Figure 4.- Effect of sideslip on center-line heating distributions. 
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C o n e  7 pq t+ F l a t  t o p  
H a l f  c o n e  

1 -  I I I I 

I 

1 I I I I 

- 3  - 2 -  -1 0 1 2 3 
S I R  

(c) a = 200. 

I I I I I 

I 

I 4 

1 
I I I ! I I -1 

- 3  - 2  - 1  0 1 2 3 
s / R  

(d) a = 400. 

Figure 4.- Concluded. 
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H a l f  c o n e  

(a) a = 00. 

A W i t h o u t  r o u g h n e s s  

L( W i t h  r o u g h n e s s  i N S t  .W1 

. wo5 

I 
0 1 2 3 

. w o 1 4 L  - ' 
- 3  - 2  -1 

S I R  

(c)  a = 400. 

Figure 5.- Effect of roughness on center- l ine heating distr ibutions. 
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,112 
NSt(NRe,Z 

c .. 

. L  

c o n e  7 i4~Jr H a l f  c o n e  
-- - . , - 

F l a t  t o p  

NRe, I 

- 

0 3.03 X lo6 

0 4.52 

% 

0 
d 

8 

d d 
0 

(a) Clean model. 

a 
@ 

NRe, 1 

0 2.77 x 106 

0 4.53 

s l R  

(b) Model with roughness. 

Figure 6.- Effect of Reynolds number on center- l ine heating distr ibutions. 
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Theory Experimental a, deg 

1 1 - 

- -  - 

- I 1 I - 

- Tangent swept cyl inder - 
- - 

theory (laminar) 

'C I -I 

. 001 - - - 
L 

1 

theory (laminar) - 
I I I 

- 4  - 3  - 2  -1 0 
s /R 

Clean model 

i 

.0005 ' 

Cone theory ( t u r b u l e n t ) l  
- 
- .OOl  

i 

+ - 

I I I I 
- 3  - 2  -1 0 

s/R 
Model w i th  roughness 

(a) Half-cone surface windward. 

Figure 7.- Comparison wi th  theory of measured heating distr ibutions on half-cone surface. 



Theory Experimental a, deg 

0 0 
0 -1 0 
0 -30 

-----_- 
- -  - 

I I I 1 

Cone theory ( laminar) 

LFlat-plate theory ( laminar) 

I 
- 2  
s /R  

Clean model 

i I 
- 1  0 

(b) Half-cone surface leeward. 

Figure 7.- Concluded. 
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Theory Experimental a, deg 

0 0 
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.OOl  - - 
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.OO05 - 
N S t  c 

b 

* 

0 

0 

0 

A\ : n 
0 

0 
tl 

Flat-plate theory (laminar) '1 

: i 
-' N S t  

- .  

.001 - - 
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- 
.- 

0005 - 
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- 

0 \ 
\ '. 

h 

Flat-plate theory (turbulentIJ - -, 

I 

.om1 I I 
4 0 1 2 3 4 

.mol I 

0 1 2 3 
S I R  s IR 

Clean model Model with roughness. 

(a) Flat-top surface leeward. 

Figure 8.- Comparison wi th  theory of measured heating distr ibutions on flat-top surface. 
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.0002 
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Clean model 

(b) Flat-top surface windward. 

Figure 8.- Concluded. 
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,005 
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Theory Experimental a, deg 
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0 30 
tl 40 

-d 

> .02 r 
Tangent swept cyl inder 

theory ( turbulent)  Tangent swept cyl inder 
1 theory ( laminar) 
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L T a n g e n t  swept 
cyl inder theory (laminar) 

I I I -002 -1 
0 -1.5 -1.0 -. 5 -1.5 -1.0 -. 5 0 

s / R  S/R 
Clean model Model w i t h  roughness 

(a) Positive angle of attack. 

Figure 9.- Comparison wi th  theory of heating distr ibutions on center l ine  of conical nose. 
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. 001 

(b) Negative angle of attack. 

Figure 9.- Concluded. 
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(a) a = -30°. 
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Flat-plate theory (laminar) - 

-~ I - -  .0002 
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- 
Flat-plate theory (laminar) 

A x I R  

(b) a = -100. 

Figure 10.- Heating distr ibutions on wedge side of clean model. p = 8. 
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Theory Experimental z/R 

I 1 I . ~ . -  ~~1 
1.0 1.5 2.0 2.5 3.0 

A x l R  
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n n d  
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.005 

.O1 1 
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.0005 

0 .5 1.0 1.5 2.0 2.5 3.0 
A x l R  

(d) a = ZOO. 

Figure 10.- Continued. 
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.0002 L- I 
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(e) a = 40°. 

Figure 10.- Concluded. 
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.0005 - 

Flat-plate theory (laminar 
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(a)  p = 100. 

I 1 

/Cone theory (laminar) 

.0005 -- -- 
Flat-plate theory (laminar) 

I I I I c! I 
.5 1.0 1.5 2.0 2.5 3.0 

Ax lR 

(b) p = -100. 

Figure 11.- Heating distr ibut ions on wedge side of clean model at a n  angle of sideslip. 
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Flat-plate theory ( turbuient) l  - 
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(c) a = 400. 

Figure 12.- Heating d is t r ibut ions on wedge side of model wi th  roughness. 
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